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THB 

DEDICATION. 

TO SAMUEL G ALTON, Esq. 

JiEAR SIR, 

t^ERMIT me to endeavour to per- 
petuate, as far as I can the remembrance of your 
valuable friendfliip to me (as well as that of Mrs. 
Galton to my wile) which has continued without 
interruption from the time that we became ac- 
quainted on my fettlement at Birmingham. The 
interviews that we h ive had at ;.he lunar Society, 
and on other occafions, I now look back upon 
with peculiar fatisfa&ion, tho* mixed with regret. 
There is no lunar fociety to which I can commu- 
nicate my obfervations, and from which I can re- 
ceive light in return, in this place, 

as At 
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At my time of life, however, I could not ex- 
pect to enjoy any fociety in this world much long- 
er. Others, aifo, of our members, muft now be 
looking forward, as I do, to a ftate of greater fecu- 
rity and permanency than the prefent ; where no 
riots will feparate us again, and where we ftiall, I 
doubt not, refume our pleafing purfuits, and our 
fpeculations concerning the wonderful fyftem of 
which we are a part, and with more advantage and 
fatisfa£lion than ever. * 

There only can I have afoy certain profpecfc of 
meeting with any ot you. But the confident ex- 
pectation that I have of meeting my philofophical 
and chriftian friends again, is a f'jurce of confola- 
tion and pleafmg reflection in my prefent ftate oi 
exile from them that is invaluable. 

Tho' compared to this, the moll- important of 
all fubje&s, I feel but little intereft in the quefti- 
on which; in this freatifc, I bring once ihbre be- 
fore the Public ; it is a great iatisfa&ioii to me, 
that 1 have the fah&ion of my friends of the lunar 
fociety at ^Birmingham, for the dd&ririe maintain- 
ed in this treatife ; and notwithflahding the great 
names among the advocates for the new fyftem in 
other countries, as well as in France, there are no 
where to be found men of more knowledge, faga- 

gacity 

* Since this was written I have heard that one of the 
members of this fociety, viz. Dr. Withering, is dead. 
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gacity, and cool obfervation, than in your body. 
Nd perfon needs to be afhamed ot being in an er- 
ror in fuch company. 

Allure them all, that I (hall ever think of them 
with particular efteem and affe&ion j and if, con- 
trary to my prefent expectations, there fliould be 
an interval of peace in this raoft difaftrous war, 
while I am able to bear the voyage, I flatter my- 
felf with the profpe£l of paying a vifit to my 
friends in England ; and then I mail certainly take 
the firft opportunity of attending one more of your 
meetings. If providence mould order otherwife, 
Adieu till we meet in more favourable circum- 
ftances than we can ever do at Birmingham. 

With the greateft efteem and affeclion 

I am, 

Dear Sir, 

Yours iincerely. 

J. PRIESTLEY. 

Northumberland, October 20, 1 803. 
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X-/ESIROUS of bringing the important 
controverfy concerning phlogiston to a fair decifion, I 
fome years ago, made many experiments with that view, 
the refult of which appeared to myfelf favourable to 
the difcarded hypothefis. Since my removal to Ame- 
rica, where, after a long interruption of my purfuits, I 
found myfelf in eircumftances tolerably favourable to 
the refumption of them, one of the firfl things that I 
did was to continue the fame refearch, and many of 
thefe new' experiments being favourable to the old the- 
ory, I endeavoured in feveral publications, cfpecially in 
the Medical Repository printed at New-York, to pro- 
mote the fame difcufiion ; fome of the articles being 
written in direct defence of what 1 had advanced, and 
others in reply to objections ; and having new, I ima^ 
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gine, heard all that can be urged in favour of the new- 
theory, from its ableft advocates, both here and in Eu- 
rope, and thinking it far from being funicient for its 
fupport, I republith in this work all that I think of im- 
portance in the former publications, and prefent it to 
the public as a demonstration of the doctrine of phlogis- 
ton, and a complete refutation of that of the composition 
of -water. For, after the be ft attention that I am able 
to give to the fubject, fuch it appears to me. 

The refutation of a fallacious hypothefis, efpeciaily 
one that is fo fundamental as this, cannot but be of great 
importance to the future progrefs of fcience. It is like 
taking dowu a falfe light which misleads the mariner, 
and removing a great obftacle in the path cf true know- 
ledge. The longer fuch an hypothefis has been receiv- 
ed, and the more numerous and able are its advocates, 
the greater fervice is rendered to fcience by the refuta- 
tion. And there is not perhaps any example of a philo- 
fophical hypothefis, fmcc the revival of true fcience, 
more generally received, or maintained b)^ perfons of 
greater eminence, than this of the rejection of phlogis- 
ton. In this country I have not heard of a fmgle ad- 
vocate for phlogi Ron. In England they are very few, 
and none of them have written any thing on the fub- 
ject. In France they arc Mill fewer, and in Germany 
I hear of no names bcfides thofe of Crell, "VTeftrumb, 
Gmelin, and Mayer. Nopcrfon, however, need to be 
avhamed of avowing an opinion which has the fancYion 
of fucH, names as the fe. Iiut what any of them may 
luvc written in defence of phlogif! or. is urkrown to me; 

a 4 fo 
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fo that tho' we are engaged in the fame caufe, we are 
unable to give the leaft afliftance to each other. 

Removed as I now am to fo great a diflance from 
the great theatre of philofophical purfuit, and out of 
the way of early intelligence (our communications with 
Europe being alfo farther interrupted in the prefent un- 
fortunate Mate of war) I neceffarily labour under vari- 
ous and great di fad vantages. 1 am thankful, however, 
to a kintl providence for the quiet that I here enjov in 
this remote fituation, and for fuch means of profecuting 
my fludies, as, conliclering the ftate of the country, are 
very ample.* And I hope that, conficlering my advanc- 
ed age, I fhall be thought to have been tolerably affidu- 
ous in making ufe of them. 

But my philofophical friends mufl excufe me if, 
without neglecting natural fcience, I give a decided 
preference to theological fludies, and if here, as in Eu- 
rope, I give the greateft part of my time to them. They 

are 

* To the account of my reasons for leaving England I prefixed a 
motto from Petrarch, whose Latin works, and especially his Letters, 
often amuse and interest me. It was frcm his address to his patron 
the Cardinal of Colonna. 

C. Quo fugis ? Expecta. Liceat condisece causas 
Dissidii. Tunostra, puer, riisi fallor, amabas Pascua. 
P. Parcc, Parens, damnare ruum — Tibi Ixtior annis, 
' Tunc animus fnerat. Nuncsr.trrc abllis, aspcr. 

I may now apply to myself what he addressed to the bishop of Ca- 
basscle when he was at Vaucluse, absent frcm his native country Italv. 
Exul ab Ita'iia, funis civilibus actus, 
Hue subii, partimque volens, partin-que coactus. 
Hie nemus, hie amncs, his ocia ruris amoeni. 
Sed fidi comites absent, vuhusque sereni. 
Hcc juvar, hec c;xci^t. Nihil illis duke rcmctis. 
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are unqueftionably of unfpeakably more importance to 
men, as beings deftined for immortality ; and I apply 
myfelf with fo great fatisfac~tion to the ftudy of nature, 
not fo much on account of the advantage we derive 
from it at prefent, tho' this is very confiderable, as from 
its being a delightful field of {peculation barely open- 
ing to us here, and to be refumed with far greater ad- 
vantage in afuture ftate. 

No difcovery in philofophy bears any proportion in 
real value to that of bringing life and immortality to 
light, which is completely effected in the Gofpel, and 
no where elfe. None of our experiments, or obferva- 
tions on the courfe of nature, could have given us the 
leaft glimpfe of this. 

But the evidence of this great truth, tho' of the molt 
fatisfactory kind, not being that of sense, but requiring 
attention and reflection, perfons much engaged in the 
bufinefs of the world, and even in literary an- fcienti- 
fical purfuits, are not always convinced by it. It a!fo 
requires a candid and well difpofed mind, and there- 
fore philofophers (who have their prejudices as well as 
other men) are not always chriftians. Among thofe 
of this clafs, I am however, happy in being able to rank 
not a few, who would do honour to any caufe ; and the 
number of truly philofoph'ical chriftians, I am well per- 
fuaded, will in due time increafe. As Paul faid to fcirtg 
Agrippa(who f:ud that he had « almoft perfuaded him 
« to be a chriftian") that « he wifhed that both he, and 
" all who then he ard him, were both almoft, and alto- 
" gether, fuch as he himfclfwas, except his bonds;" . 
fo there is no greater happinefs that I can tvHh to all 

my 
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my philofophlcaJ friends, than that, with refpecl: to re- 
ligion and their future profpecls, they were what I am, 
without the calumnies, and the ftill more ferious inju- 
ries, to which I have been expofed. 

Without a view to this future fituation, all our pur- 
fuits appear to me to have little in them that is inter- 
refting, efpecially in the decline of life, and the near 
profpe<5l of death, which, if it put a period to our exif- 
tence, involves every thing in cverlafting darknefs, 
leaving us uncertain whether even the world itfelf, and 
the whole race of man, as well as all other animals, mav 
not be doomed to deftruction. How gloomy is this 
profpcc~l, and how dead and indifferent does it render a 
reflecting mind to every great purfuit ! 

How thankful, then, ought we to be for an affurance 
of an endlefs ftate of exigence, and in circumftances 
infinitely more favourable than the prefent. The evi- 
dence of this great doctrine (in comparifon with which 
every other inquiry is as nothing) is lurefy worthy of 
our moft afiiduous examination, infinitely more fo than 
a title^to an eftate, or a claim to a kingdom in this world, 
which no wife man would be thought juftifiable in ne- 
gleaing. 

This being perhaps the laft time that I may have an 
opportunity of addrefiing myfelf to my philofophical 
friends, who, I am concerned to perceive, arc generally 
unbelievers in revelation, I would make it my dying re- 
queft, proceeding from the mod Tmcere good will to 
them, to attend to this fuhjecT):, efpecially to what I tool; 
the liberty to urge in the Preface to the fixth volume of 
my Observations on air, which was reprinted in the new 

edition 
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edition of that work in three volumes, and alfo to my 
Letters to the philosophers and politicians cj France on 
the subject of religion, my Letters to a philosophical un- 
believer 9 and my other works in defence of revelation. 

Independently of the conudcration of the infinitely 
fuperior importance of the fubject, religion w ill give a 
double reliih to philofophical purfuits, and will thereby 
contribute to their fuccefs. It is only a wretched fupev- 
flition, and not religion, that draws men's attention from 
natural fcience, or with any other view drives men into 
retirement, and excludes them from any active and 
ufeful purfuits. On the contrary, it tends to infpire 
men with increafed activity, and imparts incrcafing fa- 
tisfaclion and animation in every proper and laudable 
exertion* Of this I think I may fay I have exhibited an 
example myfelf. My numerous publications will fnc.r 
that from early life I have, given the grcateft part of my 
time to theological itudies, and yet few have been more 
affiduous in phyfical inquiries fince I have had the means 
of doing it. Do not then fay that religion makes men 
idle, or bufy to no ufeful purpofe. 

Call this, if you pleafe, the talkativenefs of age ; but 
believe it to proceed from a zeal in the btft of caufes, 
and fincere good will to yourfelves. For I find that I 
have infenfibly got into a direct addrefs in the form of a 
dedication, rather than that of a Preface. With this, 
how r ever, I conclude. Farewell, and may we meet where 
our pre fent doubts will be removed, and where we fhnll 
make more rapid advances in knowledge, without that 
envy and jealoufy, from which rHlcfophers are no 
more exempt than other men, and which, tho' it has an 
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excellent effe& in making men cautious, and even ar- 
dent in their purfuits, from a view to the reputation 
they hope to acquire by their difcoveries, too often 
makes their purfuits the fource of more pain than plea- 
furetothem. Hereafter, we {hall, 1 doubt not, be even 
more actively employed, and move happy in confe- 
quence of it, from better motives. 

1 fhall clofe this Preface with the Letter I addreff- 
cd to the advocates for the new theory in France in 
the fir ft pamphlet I publifhed in anfwer to them, and 
alfo a fecond, which I addrefs to them in the prcfent 
ftate of the. conU overfy. 



To Messrs. Berthulkt, De la Place, Monge, Mor- 
veau, Fourcroy, and Hasscnfratz, the svrviving 
answerers of Mr. Kirwan. 

Gentlemen, 

JL J. AVING drawn up a fhort defence 
of the do£lrine of phlogiston, I take the liberty of in- 
fcribmg it to you, as the principal advocates for the 
Antiphlogiftic theory. My view in this is to draw your 
attention once more to the fubjcc~t, and I requeft the 

favour 
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favour o* an anfwer to my objections. I hope I am not 
wanting in a proper deference to the opinion of men 
fo juftly eminent as yourfelves and your friends in 
France, and alfo that of great numbers in England, 
and wherever chemiftry is known, who have adopted 
your hypothefis. But you will agree with me, that no 
man ought to furrenderhis own judgment to any mere 
authority, however refpectable. Otherwife, your own 
fyftem would never have been advanced. 

As you would not, I am perfuaded, have vo -xrre'gn 
to referable that of Robespierre, few as to<& ate who re- 
main difaffe&ed, we hope you had rather gain us 
by perfuafion than filence us by power. And tho' we 
are all apt to flatter ourfelves, we hope we are as Witt- 
ing to Be influenced by the former, as We are in flexible 
to the latter. If you gain as rniuh by your anfvver to 
me, as you did by that to Mr. Kirwan, your r.ower 
will be univerfally eftablifhed, and there will be no 
Vendee in your dominions. 

Differing as we do in this refpect, we all agree ill 
©ur wifhes for the prevalance 6t truth, and alfo of peace, 
which is wanted as much for the intercfts of philofo- 
phy, as thofe of humanity. And on this account I ear- 
neftly wifli fuccefs to the liberty and profperity of 
France, which did me the honour to adopt me when I 
was perfecuted and rejected in my native country. 
"With great fatisfa&ion, therefore, I fubferibe my fell* 
Your fellow-citizen, 

JOSEPH PRIESTLEY. 
Northumberland in America, June lith, 1T95. 

A 
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A second Letttr to the same. 
Gentlemen, 

j/\_BOUT three years ago I took the 
liberty to requeft y our reconfideration of the doctrine 
of phlogiston, which you had long difcarded. A very 
refpectable advocate of your fyftem, Mr. Adet, being 
then in this country, hi replied to my, defence of it, 
and at length I have jufl received what may be called 
your definitive anfvver, in the Report of Messrs. Ber- 
thallet and Four croij on the merits of our performanc- 
es, in the 25th volume of the Annate? de Chymic, in 
which you confider me as fupporting a fyftern un peu 
chancelante. As a friend of the weak, I have, indeed 
endeavoured to give it a little affiftarce ; and as there 
is no giving ftrength to one of the oppofite fyftems 
without taking it from the other, I prefume that yours 
is now in the fame fituation, calling to you for all the 
fupport that you can give to it. 

Un the opening of this controverfy I told Mr. Adet 
that 1 mould have greater pride in acknowledging my- 
felf convinced, if I faw reafon fo to be, than in viclory, 
and fhould furrender my areas with pleafure. I was 
fincere in that declaration ; and certainly the conqueft 
of a man's prejudices is more honourable to him than 
the difcovery, or the mo ft fuccelsful defence, of any 

truth. 
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truth* This, however, I muft, for the prefent at leaft, 
decline, and leave it to you ; contenting myfelf with the . 
inferior praife of confirming the hypothefis for which 
1 have contended. If, from the politenefs habitual to 
Frenchmen, you mould decline this honour, thinking 
my claim to it better founded than yours, I may here- 
after be induced to receive it ; but for the prefent, 
yielding to you a palm more glorious than that of any 
victory, and trufting that your political revolution will 
be more ftable than this chemical one, 

I am, with the greateft refpect, 

< / 
Gentlemen, 

Your fellow-citizen, 

J. PRIESTLEY. 

Northumberland in America, Oft. 22, 1803. 
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TO THE 

SECOND EDITION. 

^'JF'hE fii'ft edition of this pamphlet was pub- 
limed in the beginning of the year 1800, and it com- 
prized the fubftarice of feveral proceeding publications 
on the fame fubject, after I had heard the obfervations 
that had been made on them by the chemifts in Ame- 
rica and alfo thofe in France, the authors of the fyftem 
that I controvert. I wrote with a view to promote 
the difcufiion of a queftion that is acknowledged to be 
of very great importance in chemiflry, and to which I 
had not been able to engage much attention ; tho' 
fome, and the mod material, of my objections had been 
before the public as foon as it was generally known, and 
it is now nearly twenty years fince this new theory was 
advanced. 

At length, however, I found that I had fo far fuc- 
ceeded, that Mr. Cruikfliank replied to my pamphlet, 

tho' 
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tho' to not more than to an argument from one of my 
experiments, and that the principle on which he replied 
is greatly approved by the advocates for the new che- 
miftryin France. 

To Mr Cruikfhank's animadverfions (jmblifhed in 
Mr. Nicholson's Jaurnal Quarto vol. 5, p. l) I replied, 
an d on the twenty fccond of the fame month, viz. March 
1802, in which my anfwer was published he dates his 
reply to it, written with an air of the raoft perfect pcr- 
fuafion of his fuperiority in the argument. Immedi- 
ately on the receipt of this, which (living as 1 do at a 
great diftance and the co mmunication by fea efpecially 
in time of war being flow) could not be very early, I 
wrote my reply, and it was publifhed by Mr. Nichol- 
fon in his Journal for Feb. 1803. 

In this I exprefsed great fatisfaction in the difcuflion 
being entered upon by a perfon fo well qualified to do 
jufticeto his argument as Mr. Cruikfliank is univerfal- 
ly acknowledged to be, and I invited him to difcufs the 
other articles of the difference between the two fyftems, 
fcveral of which are of more importance than that 
which he undertook to canvafs. 

Ready as he was to reply before, I fully expected 
his anfwer in the month following the publication of 
mine ; but having before me five fucceeding numbers 
of the Journal, in none of which is there any notice of 
my laft communicationby Mr. Cruikfliank, or any other 
perfon, and there being a demand for a new edition of 
this pamphlet, I have not thought it neceffary to wait 
any longer ; and my anfwer to his objections, with fome 
little addition, will be found in the fourth fection. Still, 
b however 
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however, if I hear any thing farther on the fubjecl:, 
from Mr. Cruikfhank, or any other chemift of note, in 
England or elfe where, I fhall not fail to notice it in 
fome way or other ; and I hope I am not thought to be 
fo much attached to any opinions I have advanred, but 
that I fhall frankly acknowledge any miftake that I may 
have inadvertently fallen into. Of this, however, our 
readers will be the proper judges. 

I refer the reader to feveral judicious and well con- 
ducted experimehts of Dr. Woodhoufe, Profeflbr of 
cbemiftry in the univerfity of Philadelphia, in an Ap- 
pendix to the American edition of Parkinson's Chemical 
pocket book, on the calces of feveral of the metals, the 
refults of which are manifeftly inconfiftent with the 
principle ofonepartof the new theory, which the in- 
genious experimenter confequently abandons. In my 
opinion the abandonment of any of its parts muft lead 
to that ot the whole, all the parts of it having the clofeft 
connection with each other ; but the perception, and 
acknowledgment of this, muft be the work of time and 
reflection. 

Dr. Woodhoufe clearly proves that the air that is 
procured from charcoal and water will by no means 
warrant the conclufion that Mr. Lavoifier draws from 
it, and that my inference from it is juft, p, 209. He 
lhews that water is the principal agent in producing 
part of the inflammable and fixed air that is got from 
charcoal and the calces of feveral of the metals, efpeci- 
ally that from finery cinder ; that " if the oxygen 
4 'in them was the fole agent, the inflammable air pro- 
" cured liom, them in thefe circumftances could not be 

" obtained 
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<« obtained ; and that the flowers, or white oxide of zinc, 
« frequently affording inflammable and no fixed air, 
« whenfubje&edto heat with coal, cannot be account- 
«« ed for by the new do£trine." p. 216. 

But if the calces of thefe metals, efpccially that of 
iron, be not perfect oxides, the proof of the decomposi- 
tion of -water rauft fall to the grou»d ; and there, I am 
now pretty confident, it hes, and that all efforts to raife 
it will be as ineffeaual as thofe of Mr. Cruikfhank. 

My labours of every kind now rapidly drawing to 
a clofe, I propofe foon to reprint feveral articles of ob- 
fervations and experiments that are published in the 
Transactions of the Philosophical Society in Philadelphia , 
in Mr. Nicholson's Journal, and the Medical Repository 
of New York, and a few other articles not yet publifh- 
ed. 1 hefe, together with this tract in defence of the 
doctrine of phlogifton, will make a feventh volume of 
my philosophical writings, or a fourth to thofe that are 
abridged and methodifed in three, and they comp ; etfi 
all that I have been able to do for the advancement of 
natural fcience. 

Confidering the many, and fometimes long, interrup- 
tions of my labours, efpecially in confequence of remo- 
vals, as from Warrington* where I began my experi- 
ments in electricity, to Leeds, where I began thofe on 
the different kinds of air ; from Leeds to Wiltfhire, 
when I fpent the winters in London, and during which 
time I accompanied the Marquis of Lansdown in a tour 
through Flanders, Holland, part of Germany, and 
France ; from Wiltfhire to Birmingham, where all my 

philofophical 
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philosophical apparatus was deftroyed ; from Birming- 
ham to Hackney, where my flay was too fhort to admit 
ofnvy doing much bufinefs of any kind ; and lafllv from 
Hackney to this country ; and here, fo often from one 
houfe to another (the inconvenience and lofs of time 
attending which only an experimenter can form an idea 
of) together with many difadvantages under v. hit h I now 
neceffarily labour, where almofl every thing relating- 
to experimental philofc phy and cherrifiry muft be had 
from J nrope ; when, 1 fay, thefe circumftances are 
confidered, and that 1 did ii;ot (forwahtof opportunity) 
make any orij i ial cxpei iintnts till I was near forty, I 
hope it will be thought that 1 have not been deficient in 
point of industry, whatever may foe thought of the va- 
lue of my labouis. 

I am truly thankful to the fovereign difpofer of all 
things, and to thofe friends of fcience who have defray- 
cd the expences ol my laboratory, that I have been a- 
ble to do fo.much ; and I hope my liberal benefactors 
will not repent of their generofity. Indeed, the greater 
part of them are gore before me, to a flate in which I 
fhali hope to join them, where 1 cm again exprefs my 
gratitude, and when we may rgain unite our refpective 
abilities in the fame pleafmg purfuits ; feeing more of 
the wifdem and gccdr.efs of the great erf rtcr, and hav- 
irg cv.r admiration md devotion excited toagtu ter 
height than ever. 
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THE INTRODUCTION. 

T 

JL HERE have been few, if any, revolutions in 
fcience, fo great, fo fuclckn, and fo general, as the pre- 
valence of what is now ufually termed the new system 
of chemistry, or that of the Antiphlogistians, Over the 
doclrine of Stahl, which was at one time thought to 
have been the greateft difcovery that had ever been 
made in the fcience. 1 remember hearing Mr. Peter 
Woulfe, whofe knowledge of chemiftry will not be quef- 
tioned, fay, that there had hardly been any thing that 
deferved to be called a discovery fubfequent to it. The' 
A there 
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there had been fome who occafionally expreffcd doubts 
concerning the exiftence of fuch a principle as that of 
phlogiston, nothing had been advanced that could have 
laid the foundation of another systembtfore the labours 
of Mr. Lavoifier and his friends, from whom this new 
fyftem is often called that of the French. 

This fyftem had hardly bet j n publifhed in France 
before the principal philofophers and chemifts of En- 
gland, notwithftanding the rivalfhip that has long fub- 
fifted between the two countries, eagerly adopted it. 
Dr. Black in hdinburg, and, as far as I hear, all the 
Scots have declared therr.felves converts, and what is 
is more, the fame has been done by Mr. Kirwan, who 
wrote a pretty large treatife in oppofition to it. 'J he 
Englifh reviewers of books, I perceive, univerfally fa- 
vour the new doctrine. In America alfo, I hear of no- 
thing elfe. It is taught, I believe, in all the fchools on 
this continent, and the old fyftem is intirely exploded. 
And now that Dr. Crawford is dead, I hardly know of 
any perfon, except my friends of the Lunar fociety at 
Birmingham, who adhere to the doclrine of phlogifton, 

It is no doubt time, and of courfe opportunity of ex- 
amination anddifcuffion, that gives liability to any prin- 
ciples. But this new theory has not only kept its ground, 
but has been conftantly and uniformly advancing in re- 
putation about fifteen years, which, as the attention of 
fo many perfons, the beft judges of every thing relating 
to the fubject, has been unremittingly given to it, is no 
inconfiderable period. Every year of the laft twenty or 
thirty has been of more importance to fcicnce, and cf- 
pccially to chemiftry, than any ten in the preceding cen- 
tury. 
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tury» So firmly eftablimed ha6 this new theory been 
considered, that a new momenclature, entirely founded 
upon it, has been invented, and is now almoft in uni- 
vcrfal ufe ; fo that, whether we adopt the new system 
or not, we are under the neceflicy of leerning the new 
language, if we would understand fome of the moft va- 
luable of modern publications. 

In this tiate of things an advocate for the old fyf- 
tem has but little profpecl of obtaining a patient hear- 
ing And yet, not having feen fufficient reafon to 
change my opinion, raid knowing that free difcuffion 
niuft always be favourable to the caufe of truth, I wifli 
to make one appeal more to the philofophical world on 
the fubjedl. Befides having many new obfervations to 
advance, 1 cannot help thinking that what I have ob- 
ferved in feveral of my former publications has not 
been fufficiently attended to, or well underftood. I 
(hall, therefore, endeavour to bring into one view what 
appears to me to be of the greatefl weight, avoiding all 
extraneous and unimportant matter ; and perhaps it 
maybe the means of bringing out fomething more de- 
cifive in point of fact, or of argument, than has hitherto 
appeared. 

No perfon acquainted with my philofophical publi- 
cations can fay that I appear to have been particularly 
attached to any hypothefis, as i have frequently avowed 
a change of opinion, and have more than once expieffed 
an inclination for the new theory, efpecially that very 
important part of it 4he decomposition of water, for 
which I was an advocate when 1 publilhed the fixth 
volume of my Experiments on Air y though farther re- 

A 2 flecti m 
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flection on the fubje£thasled me to revert to the creed 
of the fchool in which I was educated, if in this refpect 
I can be faid to have been educated in any fchool. How- 
ever, whether this new theory (hall appear to be well 
founded or not, the advancing of it will always be confi- 
dered as having been of great importance in chemiftry, 
from the attention which it has excited, and the many 
new experiments which it has occafioned, owing to the 
juft celebrity of its patrons and admirers. 

In matters of much nicety, as the fubje£ts of many 
of my numerous experiments are, I do not always ex- 
peel to efcapc the charge of inaccuracy, and perhaps of 
inconfiQency, Perfons who, from a want of experience, 
are not fufficiently aware of the difficulties, will not have 
the candour that the circumftances call for. From 
fuch I muft appeal to the judgment of thofe who have 
the requifite experience and qualifications. I will, 
however, venture to fay, that no perfon who has 
made nearfo many experiments as I have, has made fo 
few miftakes. I do not mean with refpect to opinions^ 
but in my reports of facts. But after all our care, er- 
rors will fometimes arife from a want of attention to 
fmall differences of circumftances ; and no perfon can 
keep his eyes open to every thing that is before him at 
the fame time. 
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SECTION li 

That Metals are compound Substances , and contain Phlo- 
giston, proved from the Solution of Iron in the vitri- 
die and marine Acids, and from some other Consider- 
ations. 

J^CCORDING to the do6trine of phlo- 
gifton, advanced by Becher and Stahl in the beginning 
of this century, and much Amplified and improved 
fmce their time, metals, phofphorus, fulpljur, and many 
other fubftances which are fuppofed to contain it, are 
compounds, confifting of this principle, and another 
which may be called its base. Thus each of the metals 
contains phlogiflon united to a peculiar calx, and fulphur 
and phofphorus confift of the fame principle and their 
refpe£tive acids, or the bafea of them But according 
to the antiphlogiftic theory, all the metals are dmple 
fubftances, and become calces by imbibing pure air ; 
and fulphur and phofphorus are alfo fimple fubftances, 
and become the acids of vitriol and of phofphorus by 
imbibing the fame principle, called by them oxygen, or 
the principle, as it probably is, of univerlal acidity. 
And whenever inflammable air is procured by means 

of 
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of any metal, they fay that it does not come from the 
metal, but from a de ompofition of the -water that is 
prefent, and which they fay confifts of two elements, 
viz. oxugen, or the bafe of dephlogifticated air, and 
hydrogen, or the bafe of inflammable air, in the propor- 
tion of eighty five parts of the former, to fifteen of the 
latter. 

1, The mofl fimple of the experiments that I have 
propofed for difcuflion, with a view to decide concern- 
ing the merits of thefe iwo theories, and which 1 cannot 
help thinking furnifhes an argument no lefs than demon* 
strative of the fallacy of the antiphlogiftic hypothecs, 
is that of the folution of iron in the vitriolic and ma- 
rine acids. Here the queflion to be folved is, from 
which of the fubftances prefent comes the inflammable 
uir that is procured in the procefs. The phogiftians 
fay it comes from the iron, and the antiphlogiftians from 
the water. But to this 1 objecl. that, f.nce, according 
to their own hypothefis, water confifls of about fix times 
as much oxygen as it does of hydrogen, there mufl be 
a large depofit of oxygen in the veffeJ, and that 1 can- 
not find it there. That it is not in the acid appears, as 
the antiphlogiftians themfelves fay, by its faturating no 
more alkali after the procefs than before. They, there- 
fore fay (and there is no other alternative) that this ad- 
dition ol oxygen is in the iron. 

But I aflc, how does this appear? If there be any 
addition of oxygen in this cafe, it mufl Uuw itfelf ei- 
ther by an addition to the acid, or by its being exhibit- 
ed in the form of dephlogiftatcd air, called by them 
vxygencus gas. The former is not pretended, and fo 

far 
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far is the latter from being true, that if the precipitate 
be expofed to a red heat, it yields much lefs pure air 
than the fame quantity of the acid, without the iron, 
would have done. 

For this purpofe I took as much vitrolic acid as I 
had found in the experiment recited in Vol. iii, p. li-7, 
of my Observations on Air (in three vols.) to have yield- 
ed one hundred and thirty ounce meafures of dephlo- 
gillicated air, of the ftandard of . 15, which is ex- 
tremely pure, and faturated it with iron, But after this 
it yielded only fifty two ounce meafures of air, of the 
ftandard of . 55, which is much lefs pure. This (hews 
that this precipitate is fo far from containing more oxy- 
gen, that it contains lefs than the acid. It is in reality 
poffefled of the oppofite principle, which is agreeable to 
the phlogiftic theory. For fince much more inflamma- 
ble air is procured from iron by means of fleam only, 
than by its folution in any acid, more of the principle 
of which inflammable air confifts, viz. phlogiflon, muft 
adhere to this calx of iron than to the other. 

Dr. Maclean fays p. 19, '* There is the mod fatls- 
•* fadlory evidence that iron, after its folution in ful- 
'« phuricacid is in a ftate like that of the black oxyd, or 
" finery cinder," But the dephlogifticated air that is 
yielded by this precipitate is all procured before it comes 
to this form of a calx. After it becomes black, in 
which ftate it ought to contain more oxygen in propor- 
tion to its bulk than before, it yields no oxygenous gas 
at all. Alfo, in iiher in this, nor in any other ftate, will 
it oxygenate muriatic acid, as mirjum, and fome other 
fubfl^r.ces which ccutain dephlogifticated air, do, which 
A 4 however 
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however eafily difiolves it. It, therefore, fhews ho fign 
of its containing any oxygen at all. The new theory, 
however, requires that it be dignified with the appella- 
tion of the black oxijd of iron. The black oxyd of man- 
ganese gives more evidence of its right to the name they 
have given to it, tho', according to them, it contains 
much lefs oxygen. It is evident, therefore, that there 
is no addition of oxygen in this procefs, confequenlly 
no decompofition of water in the cafe, and that the in- 
flammable air mull come from the decompofition of the 
iron. 

1 have no great objection to admitting that this 
precipitate from the folution of ironMn the vitriolic 
acid, when it is burned black, is the fame fubftance 
with finery cinder. But this will appear to be no ad- 
vantage to the antiphlogiflic theory. Both in this form, 
and in that of a brown powder, this precipitate has 
feveral of the fame properties with thofe of finery cin- 
d;r. They neither ot them either gain or lofe any 
weight by expofure to the greateft heat. When heat- 
ed in atrnofpheric air, they both diminifh, and, as I 
ufualty fay, they phlogifticate, it, though very flowly. 
They alfo equally imbibe inflammable air when heated 
in it.but with this difference, that the production of wa- 
ter fevmed to be greater in the reduction of finery cinder 
tlun in that of this precipitate. But the experiment 
being of ho great confequence, 1 did not give much at- 
tention to this circumfiancc. 

If this black calx that remains after heating this 
folution of iron in the acid contain all the oxygen 
both ol the Avater expended, and of the deficiency of, 

acid 
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j&cid in the folution, it mult be doubly oxygenated, con* 
taining more oxygen than an equal quantity of common 
finery cinder ; a difficulty of which, 1 imagine, the ad* 
votatcs for the new theory were not aware. 

There is fomething extraordinary in the manner in 
which the antiphlogiftians fuppofe that metals become 
foluble in acids. Mr. Adet fays, p. 60, " Experiments 
" prove that metals, in order to be combined with an 
" acid, requireto be united with oxygen and explain- 
ing himfelf farther, he fays, " In reality, a metal not 
" combining with acids but when it is in a ftate of ox- 
" ide, and not paflfing into this ftate but by its union 
H with its oxygen, mull neceffarily abforb oxygen in 
t* order to unite with the acid. But this oxygen can on» 
f* ly be fupplied by one of thefe two fubflances, the 
" acid, itfelf, or the water which it contains. If the 
oxygen had been given by the acid, it would have 
" been in part decompofed, and would in confequence 
" have faturated lefs alkali. But fince it faturates the 
" fame quantity of alkali, it has not been decompofed." 

On this I wou'd obferve, that if the feparation of the 
oxygen from the water, in order to its attaching itfelf 
to the iron, take place prior to its folution in the acid, 
that folution is not necefiary to its producing inflamma- 
ble air ; for if the oxygen of the water be feized by the 
metal, the hydrogen of the water muft efc'ape in the 
form of inflammable air ; and this efFedt would in all ca- 
fes be produced by fome affinity between the iron and 
the oxygen in the water only. 

If the affinity be between the iron and the oxigen 
unlverfa'Iyj what could prevent the iron from faturaV 
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ing itfflf in the fiift inftance with that which belongs to 
the acid, as well as with that which was a conftituent 
part of the water, in which it is at leaft much lefs evi- 
dent. I would alfo alk, if an acid will not diflblve iron 
till it be oxydated, but will do fo when :t is, why will not 
the acid of vitriol diffolve the black oxyd of iron, or fine- 
ry cinder, more readily than it does iron ; lince in this 
fubftance it finds the iron already abundantly oxydated ; 
and vet the reverfe of this is the cafe. 

2. Inflammable air is procured when one metal is 
precipitated from its folution by another in its metallic 
Hate. This is a fadl that is very eafily explained on 
the fuppofition that the metal precipitated does not re- 
quire fo much phlogifton as that which is difiolved ; 
but the doctrine of the decompofition of water cannot, 
as far as I r ee, account for the fact, at leaft in an eafy 
and r atural way. 

When zinc is ufed to precipitate lead from a foluti- 
on of fugar of lead, inflammable air is procured ; and 
according to the phlogiftic theory it ought to be fo ; 
fince lead contains much Icfs phlogifton than zinc, fo 
that when the former is revived by means of the latter, 
it is able to furnifh more than is requifite for the pur- 
pofe. But if this inflammable air came from the de- 
compofition of the water, the oxygen, which mult be 
developed at the fame time, ought to be found either in 
the water, or in what remains of the zinc. For it will 
r.rtt be pretended to be in the lead that is revived, and 
there are no other fubftances prefent. 

Iron, I alfo find, will yield more inflammable air 
by folution In acids than sine ; and a faturated folution 

fo 
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of iron in the marine acids yields inflammable air by the 
folution of zinc. 

To the arguments in this fection to prove that me- 
tals are compound fubftances, and contain phlogifton, 
I (hall add the following. 

My experiments prove to demonftration that nitrous 
acid is wholly compofedof dephlogifticated and nitrous 
air ; fince when they form this acid, they unite with- 
out any refiduum, or fo fmall as not to enter into any 
computation. Had there been any phlogifticated air in 
either of thefe component parts of the acid, it would 
have appeared on their uniting, and thereby lofing their 
aerial ftate. For as neither of them will unite with it, 
it muft then have appeared in its proper form. If, 
therefore, in any procefs phlogifticated air be formed 
by means of nitrous air, one effentiai ingredient in the 
conftitution of that air muft come from another fource; 
and all that can be faid is that the nitrous air furnillied 
one component part of it. 

But phlogifticated air is produced by heating iron 
in nitrous air. Something, therefore, muft come from 
the iron in order to form it, and confequently iron can 
not be a fimple fubftance ; and if iron be a compound, 
it will not be queftioned but that other metals muft, 
from analogy, be compounds too ; and fince nitrous a- 
cid can be formed by means of both inflammable and 
phlogifticated air, the fame principle which is denomi- 
nated pttlogistori, muft enter into them both. 

SECTION 
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SECTION II. 

Of Finerij Cinder. 

nri 

JL HE great queftion between the advo- 
cates for phlogifton and their opponents is, whether the 
fubftance that has ufually been called finery cinder 
(which is formed by the contact of fleam with iron 
when it is red hot) be a proper oxide of iron, that is, 
whether it contain any principle which can be exhibited 
either in the form of an acid, or of dephlogifticated air; 
and yet this, which is the only proper evidence in the 
cafe, has not been given. To fay that it forms water 
when heated in inflammable air, and that water cannot 
be formed without oxygen, is taken for granted the ve- 
ry thing to be proved ; fince the water fo procured, I 
fay, is that which was imbibed by the iron, and is now 
expelled on the introduction of the phlogifton with 
which it had parted. 

One of my arguments to prove that finery cinder 
contains no oxvgen is, that when it is diflblved in ma- 
rine acid, it does not oxygenate it. Let us,, however, 
hear the account that my opponents give of this circum- 
ftance. Mr. Adct fays p. 55, «« The nonoxygenation 

"of 
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a of the muriatic acid by the folution of finery cinder, 
<« is owing to the latter retainiug the oxygen fo ftrongly^ 
« as not to be difen gaged by the acVion of heat, aided 
« by the attraction of the muriatic acid.'? To this I 
anfwer, that if the acid had not been able to diffolve 
this fubftance, this might have been faid with fome de- 
gree of plaufibility ; but fmce it does diffolve it com- 
pletely, fo volatile a thing as oxygenous gas, of which 
it is fuppofed to contain fo large a quantity, and with 
which this acid has fo ftrong an affinity, could hardly 
efcape being evolved. 

Meflirs. Berthollet and Fourcroy fay that V\ finery 
«< cinder, like maflicot, is unable to dephlogifticate ma- 
M rinc acid, hecaufe it contains no more oxygen than is 
" neceffary to its folution ; whereas the metals that 
" have got a greater proportion of oxygen, give out 
" what they have that is fuperabundant to a part of the 
** muriatic acid, which by that means becomes oxyge- 
« nated" (Annates de Chymie^ Vol. 86, p. 305 J evi- 
dantly taking it for granted, thatfine.y cinder, like maf- 
ficot 1 contains but little oxygen, whereas, if it contain 
any, it muft be much more than any other fubftance in 
nature. 

Dr. Maclean makes very light of this, as indeed he 
does of every other difficulty. " It certainly" he fays 
p. 10, " does not follow that becaufe muriatic acid can 
" feparate a certain quantity of oxygen from lead, u hen 
" this is combined with a great quantity of that fub- 
« fiance, that it ihould likewife feparate oxygen from 
" iron, when this is united to a comparatively final! 
« quantity." But finery cinder, if, as all antiphlogifci- 

ans 
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ans fay, it owes all its additional weight to pure oxy- 
gen, which it gained from the water which it had de- 
compofed, muft contain much more of it than lead in 
any ftate. For the addition to its weight is nearly one 
third; whereas the addition to the weight of lead by 
converting it into minium, is only about one tenth of 
itt weight. Can this be all pure oxygen that the iron 
acquires, and yet not oxygenate muriatic acid ? 

He farther fays p. 24. *' i he antiphlogiftians fup- 
" pofe the addition made to iron to be by oxygen, be- 
" caufe the compound refembles in every refpecT:, as 
" as Dr. Prieftley himfe f allows, that fubftance which is 
" formed by burning iron in oxygenous gas, or in at* 
" mofpheric air And this they confider as an 0x3-d, 
" becaufe while it is forming the oxygenous gas difap- 
£t pears, audits weight is exactly equal to that of the 
** oxygen and iron confumed." 

But it is evident to me, that though the pure air or 
oxygen difappears in this procefs, it is not imbibed by 
the iron, but only the water which was its bafe, and 
which formed at lead the principal part of its weight ; 
the pure air, or oxygen, ftrving to form the Jixed air 
which is always found in this procefs, and which cannot 
have any other origin. Confequently, the calx of iron 
fo formed, when heated in inflammable air, gives out 
nothing but water. The quantity of fixed air produced 
in this procefs appears to me to be quite fufficient to 
take all the pure air that difappears in it. It is pollible, 
however, that a fmall qaantity of oxygen may enter the 
iron along with the water to which it was united ; as 

few 
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few fubftances are perfectly feparated from each other 
by any chemical affinity. 

When the fpirit of fait is diftilled over a quantity of 
fcales of iron, which, being made in the open air, are 
moft likely to have fome of this principle attached to 
them, it has fomething of that faint fmell which a very 
fmall quantity of dephlogifticated air will give it. But 
it is the more evident from this circumftance, that if 
thisfpecies of finery cinder had contained any confidera- 
ble quantity of oxygen, it would have been extricated in 
this procefs. That a little, and not more, appeared, I 
confider as a proof that it contained no more ; whereas, 
according to the new theory, it mufi contain more than 
any other fubftance. 

1 hat a very fmall quantity of oxygen is attached to 
the fcales of iron, 1 have thought probable from a bare- 
ly perceivable quantity [of fixed air which I have fome- 
times found when they are revived in inflammable air. 
But fo fmall a quantity as this makes nothing for the 
new theory. 

1 hat finery cinder does not dephlogifticate marine 
acid is, I acknowledge, no abfolute proof that it contains 
no oxygen ; becaufe this effect is not always produced 
by red precipitate, which is known lo contain a great 
proportion of oxygen, nor by flowers of zinc, or maul- 
cot, which, I doubt not, contain fome. On the firfl 
pouring of marine acid on red precipitate frefh made, 
I have had an evident fmell of dephlogifticated marine 
acid, but not afterwards. Alfo, the black powder of 
mercury and lead, which gives pure air by heat, docs not 
dephlogifticate marine acid» tho' it makes it give an of- 

fenfive 
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fenfive fmell. But if it be confidered how much more 
oxygen, according to the antiphlogiftic theory, is con- 
tained in finery cinder than in any other fubftance, it 
will appear to amount to little lei's than a demonftratU 
on of its containing none, that it has not this effect 
From an ounce of red precipitate, or of minium, about 
fixty ounce meafures of dephlogifticated air may be ex- 
pelled by heat, which is not more than about a thirtieth 
part of their weight. But if all the addition gained by- 
iron, when it is converted into finery cinder, be pure 
oxygen, it amounts, as I have obferved, to near one 
third of its weight j which is almoft ten times more than 
is contained in either of the other fubftances. 

Befides, there is other evidence of all thefe fubftan- 
ces containing oxygen, not only when expofed to beat, 
but, with refpedl to the red precipitate, when diflblved 
in marine acid ; and there is no evidence of any kind 
that finery cinder contains this principle. 

The folution of red precipitate, heated with a 
burning lens in atmofpherical air, caufes an addition to 
its quantity, from the dephlogifticated air expelled from 
it ; whereas, when the folution of finery cinder is treat- 
ed in the fame manner, the contrary effeel is produced. 
'I he quantity of air is diminifhed, snd the remainder 
is lefs pure than before. The fame was alfo the confe- 
quence of heating the folution of iron in the fame rir- 
cumftances, that of finery cinder precipitated by cauflic 
volatile alkali, and of iron itfelf treated in the fame man- 
ner. 

Since, therefore, finery cinder, both in this folution 
and without it, has the fame tfFecT on the atmofpherical 
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air in which it is heat n d that iron has, I con Urle t >t 
they contain the fame principle, tho' the finery tinder 
has much lefs of it than the iron. The fame is proba- 
ble from finery cinder being in fome degree attracted, 
by the magnet, oo far, therefore, is finery cinder from 
containing any oxygen, that it contains fome of the op- 
pofite principle. 

Another probable evidence of a calx containing ox- 
ygen, or dephlogiflicated air, is that when it is revived 
in inflammable air, fixed air is produced. But this is 
not the cafe when finery cinder is revived in thefe cir- 
cumflances, tho* I purpofely prepared fome by melting 
iron in the open air, in which cafe I had imagined that 
fome pure air would be attached to it. * 

Since an iron tube is difiblved by heating manganefe 
in it, 1 thought it very poffible that fome dephlogiflica- 
ted air from this fubflance might unite with the iron, 
and therefore that the finery cinder made in this man- 
ner might be found to contain fome. But when i heat- 
ed fome iron affecled in this manner in inflammable air, 
J did not find any fixed air in the refidutim ; fo that it 
appeared to have got nothing but water from the man- 
ganefe, being the fame thing with the finery cinder 
made by means of fleam. 

Becaufe the calx of mercury derives its additional 
weight from dephlogiflicated air, the antiphiogiftians 
have too hafliiy concluded that all metallic calces derive 
B their 
* In making this finery cinder I observed that steel gained no sen- 
sible addition of weight in the process, much less than when it is made 
by means of steam in a close vessel. When it was procured in a glass 
receiver standing in water, it gained some weight ; but when it was 
done over mercury, the addition to its weight was little or nothing. 
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their additional weight from the fame caufe. But this 
is not hy any means a juft inference. For the calces of 
fome metals are, in this and other refpects, very differ- 
ent from one another and even the different calces of- 
the fame metal- 
Finery cinder, for example, is a very different thing 
from the common rust of iron, confifting of different 
principles. From finery cinder nothing can be got by 
mere heat, but from the ruft of iron a large quantity of 
fixed air is got in the f me procefs From onethoufand 
two hundred and feventy feven grains of ruft, I got for- 
ty five ounce meafures of air, of which only about one 
thirtieth part was not fixed air. 

The addition that is made to iron by rufting in the 
open air, I do not find to be more than thirty or forty 
grains to an ounce ; whereas the addition to an ounce 
of iron when it is converted into finery cinder is about 
two hundred grains. 

What makes it almolt a certainty that the water 
which is found on the revival of finery cinder in inflam- 
mable air has not the fource that the antiphlogiftians 
fuppofe, is the great difference in the quantity which is 
found in this cafe, and that of the revival of other calces 
in it. Dr. Maclean fays, p. 1 1, M When oxyd of mer- 
" cury is reduced in hydrogen gas, that difappears, no 
*« oxygen gas is obtained, but a quantity of water may 
"be collected." Mow I am confident that no perfon 
who had ever feen the experiment could have written 
this. 1 he quantity of water that appears in this cafe is 
barely perceivable, being no more than fufficient to con- 
flitute the bafe of the inflammable air imbibed by the 
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calx, or that might have been concealed in the'fubftance 
operated upon ; whereas when finery cinder is revived 
in the fame circumftances, the water forms itfelf into 
hundreds of fmall drops, which unite, and run down 
the infide of the veflel in all directions. 

Now if this water was really formed by the union 
of inflammable air in the veffel with the oxygen expell- 
ed from the calx, they ought, furely, to unite in the 
fame proportions, in order to form the fame thing. 
The antiphlogiftians themfelves always fay that the 
proportion of hydrogen and oxygen in water, is tiniver- 
fally fifteen parts of the former to eighty five of the 
larter. , Here, therefore, is much more water produced 
than their principles can account for. The fame quan- 
tity of inflammable air difappears, but the fame quanti- 
ty of water is by no means formed. The obvious con- 
clufion therefore is, that in the cafe of the calx of iron, 
the great quantity of water produced was fimply ex- 
pelled from the calx when the inflam no *b!e air wis im- 
bibed ; whereas the calx of mercury contain? little or no 
water to be expelled, and only unites witii the phlp. 
gifton in the inflammable air that difap->ears, it will, 
however, be fheWn that it does not alwaj s form any u* 
nion with the inflammable air, but remains mixed with 
it, fo as to occafion dangerous explofions. 

Mr. Lavoificr and his aflociates obferve (Report, p. 
300) that when a calx -s revived in inflammable air, 
more water is found in the veffel than the weight of the 
inflammable air that difappears, fo that it could no* 
have been contained in that air. 

la 
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In this they only refer to my experiments in gene- 
ral ; but as' they fpeak of the water produced as appear- 
ing both on the infide of the veffel, and on the furface 
of the mcrrurv,it can be no other than the experiment 
of the revival of iron from finery cinder j and the water 
that is found in this procefs was never fuppofed by me 
to come from the bule that is contained in the inflam- 
mable air, but from the much greater quantity contain- 
ed in the cinder. 

Before I conclude this feetion concerning finery- 
cinder, I ir,uft take notice of what Dr. Maclean too con- 
fidently advances about it. " The Doctor," he faysp: 
26, " is certainly miftaken in fuppofmg that finely cin- 
«* der cannot ruft. Mr. Fourcroy fays it ruftd fooner 
< ' than cotnmon iron, and every apothecary knows h 
" does fo. If the ruft of iron be made red hot in a fe- 
" tort, a quantity of carbonic acid is difengaged from 
* it, and the iron remains in a ftate of black oxyd. Trc 
<£ ruft therefore is zcarbonate of iron, and muft contain 
<£ all the principles which compofe the black oxyd, and 
<* therefore can contain nothing capable of excluding 
" that which would convert it into ruft.' 5 But, in di- 
rect contradiction to what he afferts, I ftill fay that fine- 
ry cinder is not fubject to ruft. In England no ufe hav- 
ing been made of it before it was attended to by my 
brother-in-law Mr. John Wilkinfon (one of the moft in- 
telligent and fuccefsful of all the iron-mafters in that or 
any other country) but to mend the roads, it has lain in 
leaps for years, I may even fay ages, without acquiring 
the leaft tinge of brown. All my fpecimens have ever 
remained free from ruft, and the phyficians, who are 

alf« 
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alfo apothecaries in this place, affure me they never faw 
or hey.ru of any fuch things They get it from the black- 
frniths in Uie form of scales of iron, and the blackfmhhs 
fay the fame. It muft therofore, as I have obferved, be 
Saturated with Tome principle very different from that 
of the common ruft of iron, and is by no means the 
fame thing, notwithftanding what Dr. Maclean fays to 
prove the contrary. If finery cinder be ever converted 
into ruft, which I have never found to be the cafe, it 
muft, by fome procefs or other, natural or artificial, 
have been firft converted into iron, in which cafe it muft 
lofe much of its weight. 



SECTION III. 



Of inflammable Air from Finery Cinder and Charcoal. 

If inflammable air, or hydrogen, be nothing 
more than a component part of water, it could never 
be produced but in circumftances in which either water 
itfelf, or fomething into which water is known to enter, 
is prcfent. But in my experiments on heating finery 
B 3 cinder 



The DoEnnt of 



cinder together with charcoal, inflammable air is pro- 
duced, though, according to the new theory, no water 
:e c< ncerned. Ac<ordirg to this theory, finery cir, ■ 
called the oxide of iron, confifls of nothing befides ircn 
arid oxygen j and the charcoal made with ;he greateft 
degree of heat that can be applied, is equally free from 
water ; and yet when thefe two fubflanres ar mixed 
together, and expofed to heat, they yield inflam; . . e 
air in the greateft abundanee. 

This fact I cannot account for on the principles ^f 
th' new theory ; but nothing is eafier on thofe of the old. 
For the finery cinder cor taining water, as one of its 
component parts, gives it out to any fubflance from 
which it can receive phlogiflon in return. 1 he water, 
the refore, from the finery cinder uniting with the char- 
coal makes the inflammable air, at the fame time that 
part of the phlogiflon from the charcoal contributes to 
revive the iron. Inflammable air, of the very fame 
kind is procured when fleam is made to pafs over red 
hot charcoal. 

Since inflammable air, and in great quantity, is pro- 
cured in this procefs, the antiphlogiflians are under 
a neceffity of finding ivater, by the decompofition of 
which, and in no other way, they fay it is made ; and 
fome of them find it in the charcoal, and others in the, 
finery cinder. 

As Dr. Woodhoufe repeated this experiment with 
peculiar exadlntfs, 1 ihall copy his account of it from the 
philosophical Transactions of Philadelphia, Vol. iv, p. 
464. " An ounce of the fcales of iron, and the fame 
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" quantity of charcoal, were reduced to a very fine 
«« powder, andexpofed feparately in covered crucibles 
" in an air furnace wellfupphed with fuel for five hours. 
«< They were then taken out of the fir., and mixed 
*? while red hot, in a red hot iron mortar, were tirtura- 
" ted with a red hot pellle, formed of an iron ramrod, 
" were poured upon a red hot fheet of iron, and inftant* 
<« ly put into a red hot gun barrel, which was fixed in 
" one of lewis's black lead furnaces, and which torn- 
" municated with the worm of a refrigeratory, a part 
" of a hydropneumatic apparatus. Immediately after 
14 luting one end of the gun barrel to the worm, one 
" hundred and forty two ounce meafures of inflamma- 
" ble air came over in torrents, mixed with one tenth 
" part of carbonic acid gas." 

Nothing more could have been done to exclude all 
water from each of the fub fiances previous to their mix- 
ture ; and yet we immediately find the effecls of water 
as much as if water itfelf hadbeen employed inftead of 
the finery cinder, which no doubt, contained it. 1 his 
experiment I mould have expected, might have con- 
verted the ingenious author of ithimielf. His expla- 
nation of it however, is fo unfatisfactory (hat I cannot 
help thinking the confederation of it will go a great way 
towards the converfion of others. For he admits that 
there really is watery and in this great quantity, in the 
faiery cinder. 

But if we fuppofe finery cinder to contain water, 
and fo much of it as is neceflary to form all the air that 
is produced in this procefs, both fixed and inflammable, 
we mutt, furely, abandon the molt fundamental princi- 
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pie of the new theory, which absolutely requires water 
to be decompofed »n parting over hot iron, the oxygen 
alone remaining in the iron, and the hydrogen efcaping 
ii; the form of inflammable air ; and it is only by com- 
pai ne the addition of weight acquired by the iron in 
this i.afe, that the proportion between the oxygen and 
the hvdrog^-n in the compofitionof water is afcertained. 
Befides.how can it be fuppofed that water fhould both 
be decornpofedi and not decompofed, in the fame cir- 
CUn/ftancts ? 

l o the experiment with the finery cinder and char- 
coal Mr. Benhollet objecls, Report, p. 15, that " 1 pro- 
M bably got more fixed air than inflammable, that the 
" inflammable air contains much charcoal difiblved in 
" it, and that in many experiments charcoal appears to 
" retain water very obftinately." 

How obftinately charcoal retains, water is eafily af- 
certained. When water only adheres to any fubftance 
withciit entering into it as a conftituent part, a degree 
of heat capable of converting it into fleam, will always 
be frimcient to expell it; and the antiphlogiftians have 
not vet faid that water is an effential part of this carbone. 
This they fuppbfe to be a fimple fubftance; and tho' com- 
mon charcoal is not pure carbone, they do not pretend 
to fay that water can be in it except as an extraneous 
fubftance. Perhaps when they find their theory unpen 
chancelante, they may have recourfe to this fupport. 

Mtfirs. Berthollet and Fourcroy, however, fay that 
(his inflammable air comes from the decompofition of 
the " water contained in the charcoal, and which they 

* fay 
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" fay cannot be feparated from it but by forming a new 
" combination with it." Annaks de Chymie^ Vol. xxvi, 
p. 306. 

But as water is no conflituent part of charcoal, it 
certainly may be feparated from it by heat, without 
forming any new combination, or undergoing any de* 

composition. 

If it be the water adhering to the charcoal that is 
<3~compofed, and the component parts of this water 
enter into a new combination with the carbone of it, I 
sfkof what ufeis the finery cinder in the procefs, which y 
however, is effential to the fuccefs of it ; and why 
might not rhe fame h^at have the fame < fFe6l in dccom- 
pofing this water, without the finery cinder, as well as 
with it ? 

I hey do not fay they have any occafion for the oxy- 
gen contained in the finery cinder, which, however, 
leaves it in this procefs ; fince the iron is revived ; and 
how can they account for the feparation of this oxygen 
from the iron without the fuppofition of fomething 
going in to take its place. Heat alone will not effect 
this. For heat tends to unite, and not to feparate 
them. 

In whatever manner this water, adhering to the 
charcoal, contributes to the formation of inflammable 
air, Mr. Berthollet himfelf would fay, that when any 
particular degree of heat would not make charcoal 
vield any more inflammable air, there was no more 
water retained in it than the fame degree of heat was 
able, with its affi fiance, to decompofe. Bat after this, 
by the afliflance of finery cinder, with even a much lefs 
B 5 degree 
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degree of heat, it yields inflammable air very copioufly, 
juftas if (team had been made to pafs over it in that 
heat j and, judging ft om evident appearances, there 
cannot be a doubt but that, with a fufficient quantity 
of finery cinder to fupply. it with water, all the phlogif- 
ton in the charcoal, exclufive of that which contributed 
to the revival of the iron, would be converted into in- 
flammable air. 

As to the proportion between the fixed and inflam- 
mable air procured by this procefs, it is about the fame 
with that procured from charcoal by means of fteam, 
and will probably vary with the proportion of finery 
cinder, as that does with mere or lefs water. 

That finery cinder contains nothing but water, ap- 
pears not only from its enabling charcoal to give out 
air exaclly as water would do, but from doing the fame 
with refpeel to terra ponderosa aerata, which alfo gives 
out air by means ol water, but not without. 

I mixed a quantity of this fubftance, reduced to a 
powder, with pounded finery cinder, and in a gun bar- 
rel, heated red hot, I got from it fixed air as copioufly 
as if fleam had palTtd ever it. 1 here was a confidera- 
ble refiduum of inflammable air from the iron. 

When 1 firft made this experiment with charcoal 
and finery cinder, I remember Mr. Watt fuid, it was 
one that the Antiphlogiftians could never reconcile 
to their hypothefis ; and the^more I confider it, and the 
objections that have been inade to it, the more reafon I 
ffce to be of his opinion. 
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SECTION IV. 

Of Mr. Cruikshank's Hypothesis to account for the For- 
motion of inflammable Air in the Process of healing 
fnery Cinder and Charcoal. 

T'tlE two anfwers to my argument in favour 
of the do&rine of phlogifton confidered in the preced- 
i ion go upon the proper principle oi the new 

theo'y, v i. that what ever is inflammable in 2ny kind of 
.lift tome from -water. But Mr. Cruikihank, 
feeing, no doubt, the impouibility of firdine, or decom- 
| 1 f ng. v tr iii the cafe, replies upon a principle intire- 
1 , new ; lince he requires no water at all for the forma- 
tion of the very great quant' ty of inflammable air that 
is produced in this procefs. He even maintains that 
this air, tho' k be evidently as inflammable as that 
from charcoal and water, is an oxide, calling it the 
gazeous oxidr of carbone, fupponrig it to be formed by 
the union of oxygen. from the finery cinder and carbor.e 
in the charcoal, but in a very circuitous way. For he 
fuppofes, in the fiift in fiance, that a quantity of fixed 
air is formed by the oxygen of the finery cinder unit- 
ing with 'carbene in the chartca!, and that this fixed 

air 
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air is deccmpofed by one of its conftituent parts (viz. 
its oxygen) going back into tie finery cinder, and re- 
converting it into iron ; which iron he fays, by means 
of heat, decompofes the fixed air, fo that part of its 
oxygen can unite with the carbone in the charcoal. 
Thus, he fays, will be formed this gazeous oxide of car- 
bone without any water. 

This hypothefis, ftrange as it appeared to me, and 
even inconfiftent with the moft fundamental principle 
of the new theory, I found to be quite fatisfaclory to 
the original authors of this theory in France. One of 
the moft eminent of them, in converfation with a friend 
of mine at Paris, faid that «* I had kept them for fome 
" time in torture by my objections to their fyftem, but 
*'* that they were intirely relieved by Mr. CruiUhank." 
In confequence 01 this inlormation, 1 have given more 
attention to this hyppthefis than many perfons will pro- 
bably think to have been neceffary, and I have replied 
by ftating the following objections to it, each of which 
I cannot help thinking abundantly fufficient to refute 
it. 

1. Mr. Cruikihank's hypothefis requires that, in the 
procefs of heating finery cinder and charcoal, the oxy- 
gen in the finery cinder fhoukl quit that fubftarice, and 
unite with carbone in, the charcoal, in order to form fix- 
ed air. Since, however, this fixed air is to be decom- 
posed by iron, the oxygen which it has got from the 
finery cinder mull be Separated from it, and enter into 
the fame calx again, for there is nothing elfe to receive 
it. But while the heat continues the fame, I deem 
jfaeic contran- eSefts to b* impoffible. If the degree 

of 



Phiogijton eftabliJJud. 



of heat that is applied expel oxygen from the calx,, it 
wilt certainly prevent its Return. Consequently, if fixed 
air could be firmed, it cawnot be decomposed ih thel'c 
circumftances. 

2. I fee no occafion that Mr. Cruikfhank had for the 
formation of this fixed air, which, after alt, is merely 
hypothetical, as it cannot be exhibited in any part of the 
procefs. Why could not th'e oxygen in the finery cin- 
der unite, in the requifne proportion, to form the parti- 
al oxide required ? For the hypothefis does not admit 
of a complete oxidation, fince then it could not take 
more On being fired with dephlogiflicated air. The 
finery cinder can only take from the fixed, air the very- 
fame thing that it gave out to form it. 

3. If it was poffiblc for oxygen to be feparated from 
finery cinder without anything entering into it (which 
I think cannot be done) it would not, according to the 
new theory, form any thing by this union with carbons 
befrdes fixed air'yth'is being laid to be carbone dissolved hi 
oxygen gas. Of this Mr. Cruikfhank h feniible, and 
therefore he was under'the neceffity of fuppofmg that,af- 
ter the oxygen had quitted the finery cinder^ it mould in 
part enter into it -again* But if this were poffible, nothing 
would remain of the fixed air but carbons, as before that 
union. For the oxygen that was left in it could only 
unite with the fame proportion of carbone, and this is 
always a solid substance, incapable, without the aid of 
oxygen gas (or dephlogiflicated air) of affumirtg the 
form of air. Whence, then, comes the inflammable air 
in this procefs, which fo nearly refembles that from char- 
coal 
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coal and water, that they mud of necefllty have the fnm# 
origin ? And with refpect to this, Mr. Lavoiner de- 
cides that, whatever is inflammable in it mult come 
from water* 

4. Admitting all that Mr. Cruikfhank alleges con- 
cerning the difference in fpecitie gravity, and q her ^ r- 
cumftances, between the air from finery cinder and 
charcoal, and that from water and charcoal, it is r . t o 
great as the difference between the latter aticT^he light 
inflammable air from metals with acids or water. Dif- 
ferent as they may be in ether r jfpe<5ls fi they are all 
jjifamwable, having the common property of uniting 
with oxygen in a certain degree of Kat ; in conf quence 
of which they are alike the very rcverfe of ox/drs, and 
rnufl be elaffedwith combustibL fubitantes, equally with 
fulpUur and phofphorus. 

If this kind of air was a real oxide, it would appear 
to be fo on the deccmpofiion of it, when, to make the 
refult unexceptionable, the oxygen it contained would 
either take the form of dephlcgiflicated air, or become 
a component part of fome other fubflance into which 
oxygen is acknowledged to enter. But this has not 
been done. When it is decompofed by being fired to- 
ge.her with dephh g : iiicated air, the fixed air which is 
the formed comes, I have no doubt, from the oxygen in 
the dephlogiflicated air, and the phlogifton in this 
fpecies of inflammable air ; the fame being the refult, 
tho' not in the fame degree, of firing the heavy inflam- 
mable air from charcoal and water, from oil &c. &c, in- 
to which it is not pretended that any oxygen enters. 

It, 
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It, therefore, appears to me to be an abfolute aban- 
donment of the moft fundamental principle of the new 
theory to call the air from finery cinder and charcoal 
an oxide. If fubftances be combustible in proportion to 
their affinity to oxygen, and their confequent readinefs 
to unite with it, this air, which is inflammable, muft 
be of this clafs, and therefore the very reverfe of the 
oxides, which are faturated with oxygen, and incapable 
of receiving more. 

5. If the oxygen, after quitting the finery cinder, 
entered into it again, it would make it finery cinder as at 
the firft, or at lead in fone degree ; whereas the calx is. 
completely revived in this procefs, the iron fo revived 
being as foluble in acids as any iron whatever. 

6. if the iron fhould be completely revived by the 
oxygen wholly leaving it, 1 maintain that it could not, 
by any degree t f heat, decompofc fixed air. For my 
experiment with a burning lens, in which it could not 
be done, is far more unexceptionable than Mr. Cruik- 
ihank's with bladders and a gun barrel. His objection 
to my procefs has no weight. It was made with only 
a very few ounce meaf ires of the air, over mercury, 
with alens fixteen inches in diameter, and was contin- 
ued feveral hours, generally from ten o'clock to one ; 
fo that no particle of the air could efcape being expofed 
to a far greater degree of heat than could be commu- 
nicated through a gun barrel. 

II is experiment 1 have frequently made, both in 
England and here, but I could never be fatisfied with 
the refult. The scale which he found upon the iron, I 
have no doubt, came from moisture in the air, or from 

the 
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the bladders. Indeed, I cannot think that any perfon, 
converfant as 1 have been, with both th< f« jipodes of o* 
perating, ean hefitate in declaring that the preference 
muft be given to mine. 

■7. Mr. Cruik/hank teems to think that charcoal can- 
not contain any oxygen ; but Mr. i enant's fine experi- 
ment decifively proves that it does. For where are we 
to look for the oxygen (which we ail acknowledge to be 
a component part of fixed air) which is leparated from 
the marble, but in the charcoal whrchispioduced ? And 
rn that it makes part of a solid substance, and does not 
take the form of air. 

8. Since oxygen and all combuftible fubftances unite, 
and explode together in a certain degree of heat, the 
oxygen that is expelled from the finery cinder, uniting 
with earbone from the charcoal when red hot, muft en- 
able it to burn, and therefore, in thefe circumftances, 
there ought to be an explosion, or at lean, a gradual com* 
bustion, of them in the courfe of the procefs, as there 
is when oxygen is put to the fame fubftancc, and heated 
with it afterwards. Here, however, oxygen meets 
earbone, a combuftible fubftance, in a red heat, without 
any explofion or combitftion taking place. 

Thus do the antiphlogiftians boaft of the difcovcry 
of *ei?iew oxide, when they are unable to prove that 
it contains a particle of oxygen, and when its obvious 
properties ihew that it belongs to a clafs of fubftances 

the 

* Mr Chenevix, a chemist of the first class in the new school, speak- 
ing of Mr. Cruikshank, calls him very justly " an abl« chemist, to whom 
" we ire indebted for the discovery of the gaseous oxide of earbone." 

See Philosophical Transactions for a. x>. 1802, p. 133. 
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the Very reverfe ot oxides. If the dlxovenj, as it is 
called, relates to the substance, it ) - o 15s to nru Ul 
that they can pretend to is having given a better ac- 
count of the nature of it, an J t vith what fuccefs they 
have done this let the impartial reader judge. 



SECTION V. 



Of the Calces of Zinc. 

T , 

A HE only circumftance that gives any 
plaufibility to the opinion of finery cinder being an oxide 
of iron is the addition that is made to the weight of the 
iron when it is converted into this calx. But when zinc 
is treated in the fame manner, fteam being ftnt over 
it in a red heat, tho' inflammable air is procured, the 
zinc gains no addition of weight ; fo that in this cafe 
there is no pretence whatever for faying that the water 
is decompofed. 

The fubftance that is produced in tb^fe circumftanc- 
es I have fomewhere called flowers of zinc betaufe it 
is a calx of zinc ; and at that time 1 prefumf d that it 
muft hare all the properties of the common flowers of 
C zinc t 
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zinc, and contain oxygen. But I have treated this pe" 
cuUjir calx of zinc, made without accefs of air, in r.H the 
methods that I can think of, without being able to find 
any appearance of oxygen in it, any more than in finery 
cinder. When 1 heated it in common air, the air was 
not increaff d but dimmifhed, the ve.ry fame effe£l that 
is produced by the finery cinder. 

Having put an ounce of zinc into a glazed earthen 
tube, to which I gave a red hear, I made fleam pafs o- 
ver it 'ill I had procured three hundred ounce meafures 
of inflammable air, after which I found the greateft part 
of the zinc reduced to a dark coloured femitranfparent 
glafs, adhering pretty clofely te the tube. I was able, 
however to feparate them, and I am confident that the 
calx did not weigh more than the metal had done ; 
whereas, computing from the proportion of eighty five 
parts of oxygen to fifteen of hydrogen (into which it is 
faid that water is refolvable) it ought to have gained a- 
bout ahundred grains. Since, then, this great propor- 
tion of oxygen is not found either in the calx, or in the^ 
water (for this I alfo examined) where will the antiphlo- 
giftians fay that we are to look for it ? For fince the 
water, they fay, is decompofed, in order to furnifh the 
inflammable air, it ought to be found fomt where. 

Another experiment that I made with zinc proves 
that when inflammable air is procured by means of it, 
it muft come from the metal, and not from any water. 

On throwing the focus of a burning lens on a quan- 
tity of zinc in common air, confined by water, in a glafs 
veffel, the firft effect is the production of floxvvrs of zinc, 

which 
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Which mike a beautiful appearance, by their difperfion 
Within the veflel ; and during this part of the procefs 
r is dimini bed, the pure part of it, no doubt, en- 
tering the calx, while the phlogifticated part remains 
unaffected. After this, the application of the heat be- 
ing continued, there is an increafe of the quantity of 
air by the production of inflammable air ; and inftead 
of flowers of zinc, a black powder arifts, and adheres to 
the mfide of the veflel, and wich care may be collect- 
ed. 

Now, fince inflammable air is produced, the ami- 
phlogiftians muft fay, that part of the water over which 
the experiment was made, was decompofed. But then 
1 afk, where is the oxygen, which, according to them, 
conftitutes the far greater part of the water ? I cannot 
f. : ;d it any where The water is entirely free from a- 
cidity, anc l tue air expelled from it afterwards is even 
lefs pure tfran that which it yields before the procefs. 
And if I examine tt.Z black poxvder (which muft be the 
metal fubhmed) by heating it in confined common air, 
it becomes a whitifh jfubftance, the air is diminiihed, 
and rendered in a confiderabk degrc^ impure; where- 
as, if it had contained any oxygen, the quantity would 
have been increafed, and it would have been tourer than 
common air ; as when red precipitate, or miui^y is 
treated in the fanv: manner. It is evident therefor'^ 
that it contained no oxygen, but a quantity of ptaldgif- 
ton t on the expulsion of which, and the imbibing of pure 
air, it became flowers of zinc. 

This experiment is rather mor* dec'^ve than the 
fimilar one with iron, becaufe 'he a.a.^ powder to which, 

C % zinc 
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zinc is reduced ran be aftvcVd by heat in common air, 
which finery cinder cannot. 

-'- It willhardl/ be pretended that the oxygen ariling 
from the decompofition of the water is lodged in the 
flowers of zinc , fince they were completely formed be- 
fore any inflammable air was procured. Befides it will 
appear that little or no oxvgen can be found in flower* 
of zinc produced in any procefs. 

As I could not find any oxygen i i the precipitates 
of iron diflblved in acids, I have not been able to find 
any in thofe of zinc. The moft unexceptionable thrit I 
could think of was that b> caulhc volatile alkali. This 
fubftance I heated in a.mofpherical air, both moift and 
dry (left expofuri to the atmofphere ihould have made 
fome diff rence in :t) but it was with the f me refult. 
The air in which it was heated was made more impure 
than it was before, tho' in one cafe the quantity was in- 
creafed from fix and an half to ci^ht ounce meafures. 
Of this half an ounce meafure was fixed air, and the re- 
mainder of the ftsndard 1. 8. extingu'dhing a candle, fo 
that it was almoft wholly phlogift;cated. It fcemed, 
therefore, to have imbibed part of the pure air, and to 
have given out phlogifticated air. 

Filings of zinc yield much inflammable air in pure 
water, tho' I do not find that they ( an by this means 
be reduced to a complete calx. * But the imperfecT: 
calx to which the metal is then reduced, does no: appear 
to contain any oxygen. When it was heated in atmof- 

pherical 

* Since this was first printed in the Medical Repository, I find that, 
fey long standing, the surface r f the e i lings of zinc is, become T*hite, 
jo that vhcj- are perfect flowers of zinc. 
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ph^rical air the quantity of the a?r wos increafed, and 
about one twentieth part of it was fixed air, and the 
T( rnaindcr was of the ftandard of 1. 5, The water in 
which the filings oi zinc had been immerfVd, gave out 
air much worfe than common air, iind it was perfectly 
free from acidity, ttrm filings will alfo yield inflam- 
mable air in water, and this water alfo gives out air 
that is more impure than i ommon air, as docs the water 
over which tin and other m. tals are calcined. I r 
That ihe calces of metals do in genera 1 contain ox- 
ygen l have no doubt, btcaufe the dephlogdU.aied .tip- 
in the atmofphere difappears when they are calcinejd in 
it. But there is reafon to think that- the great< (1 part 
of the addition oi weight which / hey by this means ac- 
quire is from nwfrr, w hile the ox)gen attaches itfelf to 
other fubltances in j reference to the calx, if they be pre. 
fent. 

One inftance of this is that when they are calcined 
with a burning lens over lime water, the lime is preci- 
pitated ; whereas if the calx had imbibed all the de- 
phlogilticated air that difappeared, the lime water would 
not have been affected in the procefs ; this precipitation 
of the lime coming, no doubt, from fixed air, which I 
have fufficientlv proved to confift of dephlogifticated air 
and phiogillon, or the bafe of inflammable air. I had this 
refult when I calcined iron, copper, zinc, tin, lead, bif- 
muth, and regulus of antimony in thefe circumftances. 
But when the procefs was made over mercury, I could 
not always find any fixed air ; and therefore I prefume 
that all the oxygen was imbibed by the calx, tho' it may 
fee impoflible in many cafes to extract it again in that 
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form. For when the quantity is fmall, it may be fo 
united to the phlogifton remaining in the calx, as to 
form the bafts of phlogifticated air, which I have proved 
to confifl; of dephlogifticated and inflammable air. 

Lead furnifhes an example of this. No oxvgen I 
believe can by any means be got\from massicot, iho 1 
it has imbibed fomc. But when this calx is fuperfatu- 
rated with it, and is become minium, it will yield the 
pureft dephlogifucated air by heat only, and will like- 
wife dephlogifticate marine acid. And fince flowers of 
zinc will nor dephiogifticate marine acid, I prefume 
that this calx nlfo is nearly in the fame ftate w th maffi- 
cot in this refpe6t ; and that in any (late it contains but 
little ox) gen, or fo united to phlogifton as not to be ex- 
tracted either in the foim of acid, or of dephlogifticated 
air. 

M ho' the flowers of zinc may contain fome oxygen, 
I hnve not been able to difcover any in them by any pro- 
cefs that I have made ufe of for the purpofe. As this 
ft b fiance is formed in a confiderable degree of heat, I 
was not furprized to find that heat would not expel any 
thing from it; but I thought that when it was mixed 
with iron filings it might with them, yield fome fixrd. 
air, as red precipitate does But I did not find this to 
be the cafe. I got nothing in this procefs befides inflam- 
mable air. Alfo, when mixed with perfect charcoal, 
fuch as gives no air with heat, a great quantity of both 
fixed and inflammable air is produced ; which fhews 
that, like this fubflance, flowers of zinc contain little or 
nothing befides water, which will have juft the fame 

Tp 
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To make this experiment with fairnefs, the iron 
filings mult be heated till they give no air. '1 hoy muft 
then be well walhed, till the water put on them be quite 
clear, and be again found to give no fixed air with beat. 
For foreign fubftances are very apt to be mixed with 
iron filings, and this procefs willfcparate them. With 
iron filings thus prepared, red precipitate gives fixed 
air, bu^ flowers of zinc none. 

There is agrty calx of zinc fimilar to that of lead, 
which Mr. Chaptal cails a perfect oxyd. This 1 find 
to be only zicc partially calcined, l or on heating it 
in atmofpherical air it became white, the air was di- 
minifhed, was without fixed air, and conliderably phlo- 
gifticated. The perfect flowers of zinc treateclin the 
fame manner made no fenfible change in the quantity 
of the air ; but, as in the former cafe, there was no fix- 
ed air in it, and it was confiderably phlogifticatcd. 

The melting of maflicot in thefe circum fiances made 
no change of any kind in the air, which fhe\vs that it 
contains no more phlogifton than flowers of zinc. 

Oxygen in a calx is perhaps moft eafily detected by 
its forming fixed air when it is heated in inflammable 
air ; but I did not find, this to be the refult of an at- 
tempt to revive flowers of zinc in thofe circumftances. 
Owing to the whitenefs of this fubltance, which difpofes 
it to reflecl, and not to abforb, the light that is thrown 
viponit, I could not revive any part of this calx com- 
pletely. A black fpot only was made on a part of it, 
and about an ounce meafure of inflammable air was 
imbibed ; but 1 found no fixed air in the remainder, any 
more than I did when I revived finery cinder in the fame 
procefs. SECTION 
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SECTION VI. 

Arguments in Favour of the Doctrine of Phlogiston from 
some Circumstances in xvhich Sulphur is formed, and 
nitrous Add phlogisticated, 

1. j^^.N argument mav, I think, be drawn in 
favour of the doctrine of phlogifton from my experi- 
ment of the formation of fulphur Irom the acid of vi- 
triol heated in inflammable air, and alio from water 
impregnated with vunrlic acid air, expofed in a clofe 
vefiel to a continued heat. 

Sulphur, the antiphlrigiftians fay is a fimple fub- 
ftance, and that the vitriolic acid is that fubflance with 
the addition of oxygen, or dephlr.gihicated air Why, 
H»en, 1 ask, is nothlphur produced when dcpblogiftica- 
ted air is expelled from it by heart, rather than in the 
procefs with wa ter im pregnated with vitriolic acid air? 
For when this air is procured bj making the acid pafs 
through a red hot earthen tube, no i'ulj hur is found. 
But when it is heated to rlrynefs in inflammable air, 
which can fupply it with phlogiflcr, fulphur is form- 
ed, 

The 
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The production of phosphorus from the phofphoric 
acid heated in inflammable air furnuhes the fame proof 
of thih fubftance alfo being a compound, and that phlo- 
giftoi* enters into the compofition of it, as well as into 
jful hur. 

According to the phlo^iftic theory, the formation of 
fulphur from water impregnated with vitriolic acid air 
is very eafy ; both the ingredients of which it is com- 
pofed beir.g prefent, viz. its bafis, vitriolic acid, and. 
phlog'flon. Thev are only made to form a different 
mode of combination b>. the heat in a tube hermetically 
fealed. For the vitriolic acid air is produced by heat- 
ing in vitriolic acid moll of the meials, or any other 
fubftance, folid or liquid, that is faid to contain nhlo- 
gifton. 

If. it be faid that the fulphur may be formed in this 
experiment by the heat of feparating the acid from its 
bafe ; I anfwer that then the remaining water fhould be 
more acid than before ; whereas I find it to be lefs fo. 
This dimunition of acidity I account for from the ex- 
treme volatility of this phlogifticated acid. But had 
the acid been that of vitriol unphlogiflicated, it would 
have been obftinately retained by the water. Befidcs, 
it would, furely, be more eafy lo expel ail acid from 
a liquor paffing through a red hot open tube, than from 
a liquor confined in a glnfs tube, hermetically feaiecl, 
fo that it catinot poff.bly efcape ; and when it is expo- 
fed to no more than a moderate degree of heat. For 
had it approached to a red heat, the tube would have 
burft- tar; :U 

But the formation of fulphur and phofphorus, by 
C 5 heal i ng 



42 The Dotirine of 

heating the vitriolic and phofphoric acids, fo as to e- 
vaporate them to drynefs, in inflammable an, which 
then difappears, and this effect not being produced with- 
out it, orfome other fubftance containing phlogifton, is, 
I think, decifive in favour of their receiving an addi- 
tion of fomething from the inflammable air, or phlo- 
gifton, when they are converted into fulphur and phof- 
phorus; and therefore that theft fubftances are the com- 
pounds, and the acids the more fimple fubftances of the 
two. 

2. It is faid by the antiphlogiftians that the nitrous 
acid never becomes coloured by imbibing any thing, 
but always in confequence of giving out oxygen. I 
think, however, that the contrary is proved by its ab- 
forbing nitrous air, which it does with great rapidity. 
But the fame effect is produced, tho' not in fo remark- 
able a manner, by means of inflammable air. 

I put a quantity of dephlogifticated nitrous acid in- 
to a phial with a ground glafs itopper, with inflamma- 
ble air oH its furface ; and in another nmilar phial at- 
mofphcrical air was confined with it. Both thefe phi- 
als I covered, with water in inverted glafa jars, to pre- 
vent their having any communication with the atmof- 
phere. After long expofure in thefe circumftanc«?s, 
that which had the common airxm its furface never ac- 
quired any colour, or only a very little, from the effect 
of light tranfmitled through two glaffes with water be- 
tween them ; but that on the furface of which inflam- 
mable air was incumbent acquired colour very foon. I 
alio found, on repeating the experiment, that a part of 
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the mfh ".able air had been imbibed by the acid. In 
order to make this experiment, a phial filled with the 
acid mud be introduced into ajar of inflammable air ; 
and, part of it being poured out, «he ftopper muft be 
put into ir in that fituation. Other precautions muft be 
♦led which a little experience will teach* 



SECTION VII. 



Of the Calces of Mercury. 

T 

J? HE phlogiftic theory, I readily acknowledge 
is moft preffed by the phenomena of the calces of mer- 
cury. But in forming any general theory we mull 
content ourfelves with the feweft difficulties. It will 
hardly be pretended by the greateft admirers of the an- 
tiphlogiflic theory, that it is attended with none. 1 hofe 
which attend the phlogiftic with refpeet to thefe ealcsfi 
I do not think to be infupcrable, and farther experi- 
ments may throw more light upon them. 

As there are calces of mercury which certainly im- 
bibe inflammable air, this iubftance, or the bafe of it, 
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phiogiflcm, mv.ft. he concluded to exift in thatmetalas 
an ta mt nt. Tli'is is true both wjth refpedt to red -pre- 
cipitate, amTt«f4i>kiv-4tfineraL <• I- ■•'!•••' -d ft.jia 

»d As to t'le'calx of mercury from the acVd of vitriol, 
ISTr. Beaume^vl-find; agrees with me in the obfervationj 
tho' I did notkndw 'tat the time, that it is not com- 
pletely reduceable by mere heat. But 44 later obfervatior. 1 ,' 
Dr Maclean fays, p 11," fhews that the turbith min- 
** era!, or any other fubftance in'o which it may be con- 
'« verted by a red heat, does not require any addition '.o 
" coidtitute it a metal ;" w and Mr" Adet lays, p. 43, 
" that the yellow oxide of rrercurv h;s been revived 
" without addition b\ Mtfffs. Monnet, Bouquet,L..v oi- 
" fier, and Foun roj." 

l o this 1 tau-cnly fav, *hnt 1 have never been ab'e 
to reduce the whole of this calx by am heat that 1 could 
apply, rot even that of a burnii g lens of fixteen inches 
diameter , and this, I cm confident, isa greater heat 
than can be raifed by any furnace whatever. From 
be ing a red friable fubftance, this lv at i onverts it into 
a yeiiovvifn glafs, with the lofs of about three tenths of 
its weight,- * but after this^- no continuance of' the fame 
heat makes any farther change in it. Yet after this, 
T/hen it is heated m inflammable air, the air is imbibed, 
and it is covered with. a black powder evidently ethiopi 
tniftcral, into which mercury, with all its component 

parts, 

* With Mr. Beanrne I wasal'rtle acquainted. Mr. Macquer intro- 
duced m,e to him in his laboraicry in Paris, and though he was an avow- 
ed opponent of the vhcjc of the pneumatic chemistry, be w as a good 
operator in lite old way ; and his frcs, I am persuaded, were as hot as 
cmy raised by tlie persons mentioned by Mr. Adet, or those by Dr. 
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parts, Whatever the? befjis 'known to enter. This- frib- 
fiance alfo, and not directly running: mercury, was fre- 
quently the reftm of my experiments. on. this precip uae 
before I left Kngii id. This is certainly an experiment 
©1 confiderable eonfequence. For if it be true tit&t in> 
inflammable air be real«y imbibed by any calx of mer- 
.cury, that it is rexive'' by it, and can. o*. revived 
without it, we are autho ifed to fay iMiverfaily, that 
fome element o! wh.^h itconfifts, and no doubt phio- 
gifton, is a Re^effary compo-ienr part of that metal s and 
therefore of ah theotner metals alfo. < 

A deciGve evidence, as it appears to me, that mer- 
cury contains phlogifton is the abforption of a gre.it pro- 
portion of inflammable air in the revival of red precipi. 
tate in it. 

J3y means of a burning lens Located a quantity of 
red precipitate in i.. flammable air, iaa glafs veflel con- 
fined by water, till one hundred and twenty one ounce 
meafures of the air were reduced to ninety five. Then, 
examining the refiduum, L found that, one meafure of 
it mixed with an equal quantity of nitrous air occu- 
pied the fpace oi 1. 77 mtafures. Computing from 
this refult, it will be found that it contained 7. 22 
ounce meafures of pure air which added' to the twen- 
ty fix which had difappeared make 33. 22 ounce mea- 
fures of inflammable air which had been abforbed by 
the calx in its revival* For that the air expelled 
from the calx had not contributed to the formation 
of ivater t was evident from its being found mixed 
with the remainder of inflammable air. Neither had 
it, in this cafe, contributed to the formation of fix- 
ed 
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ofthe calx with the quantity of 
correfponds to it in thefe experi- 
ments. Now an cmce of the precipitate yields about 
fixty ounce meafures of pure air ; and fince in thefe 
experiments 46. 71 ounce meafures of inflamma- 
ble air were abforbed when 8. 71 ounce meafures of 
pure air were emitted, fixty ounce meafures could 
not be expelled without the abfoiption of three hun» 
dred and twenty three ounce meafures of inflam- 
mable air ; and fmce mercury gains, as Mr. Chaptal 
fays, about 8 per cent, in being converted into precipi- 
tate, an ounce of mercury muft contain three hundred 

and 
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and ftxty two ounce meafurcs of inflammable air, or ra- 
ther the phlogifton that enters into it. An ounce of 
lead, I have (hewn, requires one hundred and eight 
ounce meafures of inflammable air, an ounce of bii- 
muthone hundred and eighty five, of tin three hundred 
and feventy feven, of copper from verditer, four hun- 
dred and three, and of iron eight hundred and ninety. 

That mercury revived either by inflammable air, 
or in clofe veffis Is, h is the fame properties will not be 
denied j and if fo, it mull confift of the fame principles, 
and in the fame proportions, or nearly fo. I am there- 
fore inclined to think, improbable as it may appear, that 
the fame principle which is effential to the conflitution 
of inflammable air, that is phlogifton, paffes from the 
fewel through the hot glafs when the calx is revived by 
heat in a glafs veflel. 

There is however, only the choice of this difficulty, 
and of that of an ounce of mercury containing either 
three hundred and fixty two ounce meafures of inflam- 
mable air (that is the phlogifton in it) or none at all. 
It is not denied that light and heat, both of which 
are allowed to be substances, tho' the weight of them 
cannot be afcertained, pafs through glafs. They both 
have certain properties, and are transferable from one 
jubftance to another, according to their known affuii. 
ties. And why may not this be the cafe with phlogiston : 
alfo ? The electric matter paffes readily through glafs 
when it is very hot, tho' it will not when it is cold. 

Light certainly paffes through glafs • and is known 
to give to fome fubftances colour, fmell, and tafte, 

which 
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which have ufually been afcribed to phlogifton. That it 
does not revive the lead in patting through the hot flint 
giafs, is no fufficient objection. For the fame fubltanc- 
es in different combinations, and in different ftates, 
have different properties. The doctrine of chemical 
affinities has yet many difficulties attending it, and it re- 
quires the niceil difcrimination of circumftances to 
make confident tables of them. However, I can only 
propofe facts, let others account for them in the beffc 
manner that they can. Mr. Scheele fuppofed that even 
dephlogifticated air, or the effential element of it, paff- 
ed through glafs» 

I have frequently repeated this experiment of the 
revival of red precipitate in inflammable air, and have 
never failed to /find a great abforption of it, whether 
there was any fixed air in the remainder or not ; and I 
mould have repeated it much oftcner, and on a larger 
fcale, in order to afcertain with more exacYnefs the 
quantity cf inflammable air, or of phlogifton, contained 
in a given quantity of mercury, but that it has frequent- 
ly happened that the veffels in which I made the expe- 
riments were exploded, after a fufficient quantity of 
pure air was expelled from the calx. This accident, 
however, is a proof that the air expelled from the pre- 
cipitate had not formed either water or fixed air. 
Sometimes, however, I have made the greateft part 
of the inflammable air to difappear without any explo- 
fion. 

The accuracy of this experiment being queftioned 
by Dr. Woodhoufc, I repeated it with all the attention I 
could give to it, and had the following refult. I heat- 
ed 
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ed a quantity of red precipit ate in twenty eight and an 
half ounce meafures of inflammable air, till it was re- 
duced to twenty four and an half, and found that, where- 
as before jthe procefs it was not in the leaft affected by 
nitrous air ; the ftandard of it was afterwards 1. 8 ; fo 
that it contained a confiderable mixture of dephlogifti- 
cated air. I repeated the experiment teyeral times, and 
always found pure air mixed with . the inflammable, 
when I had revived any part of the calx. 

Continuing one of thefe proceffes, till, after the di- 
munition, the quantity of air began to inci-eafe, there 
was an explofion ; but it only raifed the receiver in 
which the air was confined about an inch, and recover- 
ing its pofiiion, it broke the earthen dim in which it 
was placed. 

After this 1 made ufe of a tin dim, and repeating 
the experiment, there was an explofion fo loud, that a 
perfon at a confiderable diftance was afarmed, and came 
running to fee what had happened* The receiver, 
which was a very heavy one, was blown much higher 
than my head ; but falling on the grafs, it was not bro- 
ken. After this, I thought it unneceffary to make any- 
more experiments of the kind. 

Having formerly made many experiments on the 
revival of red precipitate in inflammable air, when I 
was a convert to the doctrine of the compofition of 
water, I fhall fubjoin what I then observed with refpeet. 
to the fubject from the 5th volume of my Observations 
on air, p. i28. 

M The greatefl difficulty that occurred with refpecl 
" to the theory of the conflituiion of water, arofe from* 
D " " my 
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" my never having been able to procure any ivatcr when 
ft I revived mercury from red precipitate in inflamma- 
** ble air, or at leaft more than may be fuppofeel to have 
I* been contained in the inflammable air. In order to 
u make the experiment with the scales of iron % and that 
" with the precipitate, as much a alike as poflible, and 
y that I might compare them to the greateft advantage, 
" I made them immediately one after the other, and 
u with every circumftance as nearly as I could the fame. 
M 'Ihe inflammable air was the fame in both experi- 
4t ments, and the fcales of iron, and the precipitate, 
" were made as dry as poflible. They were heated in 
" vefiels of the fame fize and form, and equally confin- 
" ed by dry mercury. And yet when I heated the 
" former, water was formed as copioufly as I have def- 
" cribed it before, viz. actually running down the infide 
u of the veflt'l in drops, tho' only four ounce mealures 
f of inflammable air were abforbed. But tho' I heat- 
" edthe precipitate till eight ounce meafures of the air 
" was abforbed, and only three fourths of an ounce mea- 
** fure remained, there was hardly any fen(ib!e quanti- 
" ty of water produced, certainly not one tenth of what 
H appeared in the experiment with the fcales of iron. 
'« There was this difference, however, in the two rc- 
" fults. In what remained from the experiment with 
u the precipitate I at this time perceived a flight ap- 
" pearance of fixed air, whereas there was none in 
" what remained in the fcales or iron. The refiduum 
" ajfo from the precipitate had in it a fmali portion of 
" dephlogifticated air. Fcr being mixed with «n equ.d 
rt measure of nitrous air the ftandard of it was 1. 8-. la 
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*' this experiment there can be rto doubt but that the 
«« dephlogifticated air diflodged from the precipitate 
« mixed with the inflammable air in the veff 1, an 1 as 
" no water was produced, they mull have formed :ome 
" more folid fubftance, which in the Cnal quantity I was 
« obliged to ufe could not be found*?' 

At this time, however,! think it more prob te 
that nothing solid was produced, but only that the phlo- 
gifton of the inflammable air was imbibed by the calx, 
while the pure air emitted from it was in part found 
mixed with the inflammable air in the veflel, and m part 
united with it and formed fixed air. 

In nine ounce meafures of inflammable air from 
malleable iron and water I revived part of the precipi- 
tate fent me by Mr. Berthollet, (vhich I had found to 
contain no fixed air) till not more than one fourth of 
the ir remained unabforbed ; and examining it, 1 found 
one twentieth part of it fixed air. But mixing nitrous 
air with it, it appeared that the air diflodged from the 
precipitate had not wholly united with the inflammable 
air. For being mixed with an equal quantity of nitrous 
air it occupied the fpace of 1. 71; After the procefs 
I miffed eighteen grains of the precipitate; But there 
are feveral caufes of lols in this cafe, befides that from 
the air expelled from it. 

In 5. 5 ounce meafures of the fame inflammable air 
I again revived fome of the fame precipitate till it was 
reduced to 0. 77 of an ounce meafure. Ui tins one 
fixth part was fixed air, and the reft of the ftandard of 
1. 6. It exploded at once when a flame of a candle was 
prefented to it. 

D * In 
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Jn making thefe experiments over mercury, \rt fi*r 
ceflarily uie but fmall quantities of air, ar,;l therefore 
the rtfults may not in foine refpe&s be fo much depend- 
ed upon. But J think it fuinciently appears from them 
that no water was i formed in the procefs, and this the 
pew theory abfbiutely requires. 

On the whole, 1 think it e an hardly be denied that 
confidering the great quantity of inflammable air thai 
difappears in thefe experiments, the greateft part of ir, 
at lead, mufl enter into the calx. And fince all running 
mercury muft confift of the fame elements, the. fame 
principle that (with the addition of water) forms in- 
flammable air, and which we cal' phlogiflon, muft pafs 
through the red hot glafs when the calx of mercury is 
revived without addition, by means of heat only. 

Some experiments that 1 have made on filver, gold, 
.and platina, favour this hypothecs. All thefe metals 
yield a confiderable quantity of nitrous air, when they 
are diflblved, the firfl in nitrous acid, and the laft two 
in aqua regia. And when the folutions were evapora- 
ted, and the refiduums heated in ii.flammable air, a 
great quantity of it difappeared, and the metals were 
revived. And yet by means of the fame acids thefe 
dry refiduums will yield a great quantity of nitrous air. 
They muft, therefore, have acquired by means of 
heat only, and this tranlmitted through a veffel not red 
hot, the fame principle that was communicated to them 
by imbibing inflammable air 

That nitrous air contains the fame principle with 
inflammable air, or phlogJtcn, appears from the fol- 
lowing 
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tewing experiment, in which the former was produced 
by means of the latter, if the nitrated calx of any metal 
Ire heated In it. 

If copper be difTolyed in nltrdus acid, and the wa- 
ter' be expelled to a certain point', there remains & green 
Xubstahtc, which is not at all dHiquefi ent ; hat wben 
txp'ofed'to heat g'rves out a red vapour. Sortie of this 
lhbftance I heated in twenty one ounce measures ^f in- 
flammable air till the veffel was filled will 1 , red vi-.pour, 
Wieii'h was reduced to fix ounce meafure-s, and 1 found 
ihatl when it wa3 mixed wuh common air, the fland- 
ard was 1. 35 ; To that it was a'mofl wholly nitrous 
iir> Thefe was in it a frmll qunntitx of fixed air, bufc 
there Vras nothing inflammable in it. It extinguifhed a 
■candle. 

I formerly endeavoured to afcertain the proportion 
of phlegifton in nitrous aud inf la mm able air, and found 
it to be nearly the fame . in both. That this is not far 
from the truth, may, I think, appear from comparing 
the refult of two of my former experiments, which I 
never before thought of doing with this view. When 
I firft difcovered nitrous air, I endeavoured to find 
what quantity of it would be yielded by the different 
metals, and found that twenty grains of iron yielded 
fixteen ounce meafures. When, with other views, I 
endeavoured to afcertain the quantity of inflammable 
air that was yielded by malleable iron, I found that one 
hundred and twenty grains of it yielded ninety fix ounce 
meafures ; and this is exactly the quantity of nitrous? 
air that the fame weight of iron would give. For 120 
1-5 te C6 as 20 i,s to 16. 

D 3 Twenty 
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Twenty grains of platina gave nine ounce meafurea 
of pure nitrous air, and twenty two grains of gold gave 
eight ounce meafures. They therefore contain nearly 
the fame proportion of phlogiflon (for 20 is to 9 as 22 
i to 9. 9) and little more than half as much as iron. For 
it will be in the proportion of one hundred and feventy 
ounce meafwfb to the ounce. It is, however, more 
t js contained in lead, but lefs than in bifmuth, and 
r. j iefsthan in mercury. 

tat fooaething can pafs through glafs is evident 
from man> ©bfervations ri fpccting both light and heat, 
One of the moit remarkable of which is perhaps that of 
minium, or red precip itate (which when cold are of 
the cu;our ol arterial blcoa) heated in a glafs tube, ac- 
quiring the dark colour of vencus blood, tho' they lofe 
it ag a;n when the) Lemnecold M hat to infer from 
|his curious fact I do not diitindUy fee. 
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SECTION VIII. 

Experiments on heating Manganese in inflammable Air. 

SoME experiments that I made on heating 
xnanganefe in inflammable air authorize the fame ge.tv- 
eral conclufion with thofe on heating red precipitate in 
that kind of air, and therefore deferve to be recited. 

Manganefe and red precipitate of mercury are fab* 
fiances of a fimilar nature, as they are both calces of 
''metals, and both contain dephlogifticated air, and, like 
all other calces of metals, they imbibe the inflammable 
air in which they are heated. But whereas the dephlo- 
gifticated air expelled from the precipitate, frequently 
atleaft, remains mixed with the inflammable air (which 
is fometimes the caufe of dangerous explofious) this has 
never happened to me in conlequence of heating man- 
ganefe in the fame circumftances, fo that it may be ope- 
rated upon without any apprehenfion. 

Tho' in thefe experiments the inflammable air 
difappears, and dephlogifticated air is expelled from 
both the fubftanc cs, no water is formed by means of 
either of them, as the new theory abfolutely requires, 
and which is pretended to be the cafe when finery cin- 
t!cr is heated in the fame circumftances. But fince the 
D 4 f.,mc 
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fame quantity of inf lammated air difappears in alf thefe 
cafes alike, the fame quantity of water, if inflamable 
air be readily a conftituent part of it, ought to be pro- 
duced. It is evident, therefore, that the water produc- 
ed by means of finery cinder was actually contained in 
that fubftance, and only expelled by the heat, to make 
room for the phlogifton which then enters into it, by 
the abforptionof the inflammable air -, while, the preci- 
pitate and manganefe, containing no water, imbibe the 
inflammable air without any appearance of waTer, ex- 
cept the little that is the bans of the inflammable air, 
or may be concealed infuch powdery fubflances as man^ 
ganefe and the. precipitate are. 

The principal difference, however, in the refult of 
thefe two limilar procefles is that in the experiment with 
the manganefe a quantity of phlogistktited air appears 
to be generated, which is not the cafe with the precipi- 
tate. The particulars of the experiments were as fol- 
lows. 

Fifteen ounce meafures of inflammable air were re- 
duced to feven by heating in it twenty four grains of 
manganefe. In the re fidu urn, which was not affected 
by nitrous air, there was no flxecl air ; but when a cer- 
tain portion of it was fired together with a, certain quan- 
tity of dephlogifticated air, the dimunition was only to 
G. 95 ; whereas when the fame quantity of the fame o- 
riginal inflammable air was exploded in the fame cir- 
eumftances, the dimunition was to 0. 52. In another 
fimilar experiment, in which the inflammable air was 
confined by mercury, and in whic h feven ounce mea- 
fures were reduced to one and a quarter, the dimunition 

witfj 
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with the refiduum was to 0. 93, when that with the ori- 
ginal inflammable air was to 0. 33. The manganefe I 
ufrd in thefe experiments yielded dephlogifticated air 
without any mixture of fixed air. 

1 repeated this experiment with manganefe out of 
which air had been expelled with a ftrong heat, and the 
refult was the fame as with thefrefh manganefe, except 
that much more heat was neceflV.ry to make it imbibe 
the air ; whereas the manganefe from which the dephlo- 
giflicated air has been expelled imbibes inflammable air 
very rapidly, and with a very moderate degree of heat. 
Twenty grains oif it imbibed eight ounce meafures of 
inflammable aif, and then weighed nineteen grains. In 
both the kinds of manganefe the central part on which 
the focus of the lens fell was of a beautiful green co- 
lour, but the next day this had difappeared, and the 
Whole of the fubftance that had been heated was brown. 

As no doubt dephlogifticated air is expelled from 
the manganefe in thefe experiments, and neither fixed 
iiir nor water is produced, the dephlogiflicated air muft 
enter into the fixed air that is found in the refiduum. 

In order to make a more exact corcparifon between 
the experiments in which marganefe and finery cinder 
Were made to imbibe inflammable air, I repeated them 
both in fimilar veflels, with equal quantities of inflam- 
mable air confmed by mercury j and I obferved that, 
$ho' fomc water appeared during the procefs with the 
manganefe, it wholly difappeared the next morning- ; 
whereas theinftd~ of the veffel in which the finerv cin- 
der had been. rev ived was wholly covered with innume-> 
rable ch ops of water, contiguous to one another. 

SECTION 
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SECTION IX. 

Of the Decomposition of Water. 

r \ ^HE antiphlogiftic theory has received its 
greateft fupport from the fuppofed difcovery that water 
is refolvable into two principles, one that of oxygen, 
die bafeof dephlogiflicated air, and the other (becaufe 
it has no other origin than water) hydrogen, or that 
which with the addition of calorique, or the element of 
heat, conftitutcs inflammable air. t( One of the parts of 
f( the modern doctrine the moft folidly eftablifhed, fay 
" Mr. Berthollet, and the other authors of the Report 
<c on this fubject (Examination of Kirzvan, p. 1 7) is 
" the formation, the decompofition, and recompofition, 
•* of waiter. And how can we doubt of it, when we fee 
* that, in burning together fifteen grains of inflammable 
*' air, and eighty-five of vital air, we obtain exactly an 
" hundred grains of water, in which, by decompofition, 
" we find again the fame principles, and in the fame 
proportions. If we doubt of a truth eftablifhed by 
"experiments fo fimple, and palpable, there would be 
"jwthirg ceitain in natural philofophy. We might 

" even 
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« even quef^on whether vitriolated tartar be compof* 
4i ed of vitriolic acid and fixed alkali, or fal ammoniac 
** of the marine acid and volatile alkali, &c, &c. For the< 
•\pr oofs drat we have of the compofitibn of thefe falts 
<( are of th<- f me kind, and not more rigorous than 
" thoie which eftabirfh the cdmpofition of water, Noth- 
" ing perhaps more clearly proves the weaknefs of the 
f old theory, than the forced explanation's- that have 
been attempted to be fdven of thefe experiments." 

Notwithftanding the confidence thus ftrongly ex- 
preffed by thefe a.de and experienced chemifts, I muft 
take the liberty to fay, that the experiments to which 
they allude appear to me to be very liable to exception, 
and that the doctrine of phlogifton eafily accpunts for 
all that they obferved. 

Their proof that water is decompofed, and 1 efolved 
into two kinds of air, is that when fleam is made to pafs 
over red-hot iron inflammable air is produced, and the 
iron acquires an addition of weight, becoming what i$ 
called ji?iery cinder, but what they call an oxide of iron ; 
fuppofing that there is lodged in it the oxygen which 
was one of the conftituent parts of the water expended 
in the procefs, while the other part, or the hydrogen, 
with the addition of heat, affumed the form of inflam- 
mable air. 

But in order to prove that this addition of weight to 
the iron is really oxygen, they ought to be able to exhi- 
bit it in the form of dephlogifticated air,or of fome other 
fubftaace into which oxigen is allowed to enter, and 
this they have not done. Iron that has realiv imbibed 
air, Qi the common rust cf iron> has a very different 

appearance 
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appearance from the finery cinder, being red, and not 
black ; and when treated in fimi'ar proceffes, exhibit^ 
very different refults. Mr. Fourcroy fay 3, 'Ibid p. 251) 
that this finery cinder is " iron partially oxygenated." 
"But if that were the cafe, ' it would go on to attract 
»iore oxygen, and in time become a proper ruft of iron 
completely oxygenated ; whi rtas this is i'o far fr< m be- 
ing the cafe, that as 1 have obi'tt ved riiM\ cinder never 
will acquire ruft ; which Ihews that th« it on in th;s Rate 
is faturated with fome very different principle, which 
even excludes that which would have converted it into 
ruft. 

However, neither this, nor any other calx of iron, 
can be revived unlefs it be heated in inflammable air, 
which it eagerly imbibes, or in contacl with fome other 
fubftance which has been fuppofed to contain phlogif. 
ton. The probability therefore is, that the phlogifton 
then enters this calx of iron, replacing that which had 
been expelled to form the inflammable air. Nor can 
any inflammable air be procured in this procefs with 
fleam, but by means of fome fubftance which has been 
fuppofed to contain phlogifton. Where then, is the 
certain proof that water is decompofed in this pro- 
cefs ? 

Since, according to the antiphlogiftic theory, water 
itfelf contains all the elements of both dephlogifticated 
and inflammable air, and wants only calorique, which 
they can give at pieafure, I fee no reafon why heat a- 
lone, without the aid of any metal, might not convert 
it into air. When the particles are fo far feparated as 
they are irt a ftatc of fteam, I fee no occafion for the fu- 

perior 
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perior a*tira&l pn of any other fubflance for either of 
them. In tleam each of the elements is already in th© 
form of air, and with its due proportion of calorique, 
and then wh\ mould they not continue in that form, on- 
ly mixed together, ready for explofion ? 

It is faid that the oxvgen imbibed by this iron, be* 
ing expelled by heat in contact with inflammable air, 
unites with that air, and with it continues the water 
which is found after the procefs. But for any thing 
that appears, this water m ly be that which the iron had 
imbibed, and which can only be expelled from it by the- 
entrance of that phlogilton which it had loft. Befides, 
it has been fhewn that the water produced in this man- 
ner is much more than in the required proportion of the 
inflammable air that difappears. 

Another pretended proof that water is compofed of 
dephlogifticated and inflammable air, is that when the 
latter is burned flowly in the former, they both difap- 
pear, and a quantity of water is produced equal to their 
weight. 1 do not, however, find, that it was in more 
than a fingle experiment that the water lb produced is 
faidtohave been entirely free from acidity, tho' this 
experiment was on a large fcale, not lefs than twelve 
ounces of water being procured. But the apparatus 
employed does notappear to me admitof fo much accu- 
racy as the conclufion requires ; and there is too much 
of correction, allowance, and computation in deducing 
the refult. 

A fo, it is, after all, acknowledged that« after de- 
composing this qu."tti<y of the two kinds of air, and 
making all the aucwauce they ceulu for phlogifticated 
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air, or azote) in the dephlogifticated air, the exper?* 
menters found fifty one cubic inches of this kind of aii 
more than they could well account for. 1 his quantity, 
therefore, and perhaps fomething more (fince the ope* 
rators were interefted to make it as fmall as poflible) 
were formed in the procefs. And when this kind of 
air, as well as inf lammable is decompofed together with 
dephlogillicated air, nitrous acid is produced. The 
probability therefore is, thnt the acidifying principle, or 
the oxygen, in the dephlogifticated air which they de- 
compofed, was contained in that phlogifticated air^ and 
that, had the procefs been conducted m any other man- 
ner, it would have affumed the form of nitrous acid. 
They acknowledge that, except when die inflammable 
air was burned in the sloivest manner, the water they 
produced had more or lefs of acidity; 

The reafon, no doubt, was that, whenever the flame 
they made ufe of was too flrong, more of the dephlo- 
gifticated air in proportion to the Inflammable was con* 
fumed than when the flame was weak ; fo that the re- 
fults of their experiments exactly coincide with thofe of 
mine. 

Citizens Eerthollet and Foufcroy fay, with Mr. A- 
det, that" the fmall quantity of acid which is commonly 
11 found in this procefs comes from the azote, which is 
u mixed with the gas." ( Amtales c/e Chymie t vol. 26, 
p. 306.) But if this was the cafe, thty could never 
get water free from acidity ,becaufe they can never whol- 
ly exclude azote. Befides, how can they think it fo 
eafy to procure nitrous acid from azote in this procefs, 

whefl 
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' when Mr. Cavendilh found it fo difficult to procure £ 
barely fenfible quantity by numberlefs eledric explo- 
sions ? 

The experiments which 1 made on the decompofition 
of thefe two kinds of air in close vessels, appear to mo- 
io be much lefs liable to exception, and the conclufion 
drawn from *hem is the reverfe of that of the French 
philofophers. 

When dephlogifticated and inflammable air, in the 
proportion of a little more than one meahire of the for- 
mer or two of the latter (both fo pure as to contain no 
fenfible quantity of phlogifticated air) are inclofed in a 
glafa or copper vtflel, and decompofed by taking an e- 
leclric fpark it it, a highly phlogifticated nitrous acid is 
inftantly produced ; and the purer the airs are, the 
ftronger is the acid found to be. If phlogifticated air 
be purpofely introduced into this mixture of dephlogis- 
ticated and inflammable air, ic is not affecled by the 
procefs, though, when there is a confiderable deficiency 
of inflammable air, the dephlogifticated air, for Want of 
it, will unite with the phlogifticated air, and, as in Mr. 
CavendifiVa experiment, form the fame acid. But 
fince both the kinds of air, viz. the inflammable and 
the phlogifticated, contribute to form the fame acid, 
they muft contain the fame principle, viz. phlogiiton. 

If there be a redundancy of inflammable air in this, 
procefs, no acid will be produced, as in the great expe- 
riment, of the French cheimfts, but in the place of it 
there will be a quantity of phlogifticated air together 
widi water.* 

.:. MeflVa. 

* I fJund, after roipy trials, that whep t\n liuntlred our,c? measures t> 
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Meffrs. Berthollel and Fourcroyfay, with, Mr. A« 
det, that the water procured in this manner cannot be 
heldinfolution in the gaffes, but mull neceffarily be a 
new production (Annals s de Chymie, vol. 26, p. 306) 
But I do not fay that this water was held in folution in 
the gaffes, but was aconftituent part of them ; anu for 
any thing that is certainly known is all that can be afccr- 
tained by weight. I wifh, however, to have more repe- 
titions of this experiment, in order to af certain this cu- 
rious circumftance. I was never able to get the whole 
weight of the airs in water. In my experiments, when 
no acid is produced a confiderable quantity of phlooifti- 
cated air is always formed. 

When the decompofition of phlogifticated and in- 
flammadle air is made in a glafs veffei, a peculiar afejwe 
vapour is formed, which the eye can eafily diftinguilh 
not to be mere vapour of wafer, and if the juice of 
turnfole be put into the veffel, it immediately becomes 
of a deep red, which Ihews that it was an acid vapour. 

Since the acid that I procured in this procefs was in 
confiderable quantity, and no phlog: flic ate d air was pre- 
fent (for in the lail cf the experiments I did not eyen 
makeufe of an air pump, but fir ft filled the veffel with 
water, and then difplaced it by the mixture of the airs) 
I do not fee how it is pofiible to account for the forma- 
tion of this acid but from the union of the two kinds of 
air ; and it can hardly be fuppofed that, in the very 
fame procefs, the decompofition of the fame fubftances 

fliould 

inflammable air were fired together with fifty one measures of de- 
phlogisticated air acid was formed, 'but that only vatcr was produced 
when the same quantity of inflammable air was fired with forty reveir 
measures cf the same dcphlogisticated air. 
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Alould compofe others fo very different from each other 
as water and spirit of nitre. I ihink I have iauicien \y 
accounted for the refult of the experiments made by 
the French chemifts on the common hypothefis, which 
fuppofes inflammable air to coi tain phlogifton ; but I 
do not yet fee how it is pofable for them to explain mine 
611 theirs^ according to which there is no fuch principle 
rfi nature. Upon the whole, it does not appear to me 
that the evidence either for the composition, or the de- 
Compofiiiou oi water, is at all fatis factory ; and certain* 
lv the arguments in fimport oi an hypothecs fo extraor- 
dinary, and fo novel, ought to be of the moil conclufive 
kind. 

Dr. Maclean boafts greatly of the fuperior accuracy 
of the French chemifts. " In what refpects," fays he, 
p. 45, " his experiments (meaning mine) were lefs lia- 
*t ble 10 exception than thofe of the French chemifts, is 
M what I do not comprehend. Theirs were performed 
il on a very extenfive fcale, great care was taken to af> 
" certain the degree of purity of the galTes before com- 
" buftion, and the apparatus was fo conftrucled, that the 
<c refults could be determined wi:h th< greateft nicety, 
" The D jelor's, on the contrary ^ were made with very 
" trifling quantities of materials, their purity ^yas not 
n tried, and their weight not accurately determined." 

Let us now confider whatthefe high founding words 
amount to* Experiments made with a great quantity 
tf materials are not, always, on that account, the moft 
accurate, efpecialiy where, as in this cafe, the thing to 
be determined is Amply the qunlitij of the refult. When 
I can produce but a lew drops of a ftrong cuid, and as 
E often 
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often as I pleafe, from the very fame materials from 
which I am told I ought to get ox^y pure water y what is i 
it to me whether they produce gallons ? 

Great care, he fays, was taken to afcertain the pu- 
rity of the gaffes, whereas, with refpect to mine, he fays, 
the purity was not tried- Nl w that of mine was not 
only tried, and with as great accuracy as they could 
try theirs, but the dephlogifticated air that I ufed was 
purer than any that I believe they ever pretended to 
have made. For with two equal meafures of nitrous 
air, the refiduum was only four hundredth parts of a 
meafure, and this flight impurity was probably not in 
the dephlogifticated, but in the nitrous air, which is ve- 
ry apt to vary in its quality, and very difficult to obtain 
pure. And yet wkh this very, pure dephlogifticated 
air, and a proportion, exactly defined, of the pureft pof- 
fible inflammable air, I got drops of a ftronger acid than 
can be procured by means of air lefs pure. To this im- 
purity, viz, a mixture of phlogifticated air, the anti- 
phlogtftians always afcribe the production of the acid, 
tho' if the air be purpofely lefs pure, I never fail to find 
that impurity, viz. the phlogifticated air, unaffected by 
the procefs ; fo that it could not poffibly have contribu- 
ted to the production of the acid. 

With the greateft confidence, however, Dr. Maclean 
fays p. 53, " the denfe acid vapour that I produced by 
" the explofion of the two kinds of air was occafioned 
" by the azote contained in the oxygenous gas that I 
" employed." He might as well have faid it w as occa- 
lioned by that wlr.ch I did not employ. If ten times 
the quantity of azote in the air 1 ufed had been wholly 

deconi- 
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tlecompofed, it would ant have amounted to the hun- 
dreth part of the weight of the acid I pro -ured 

Their apparatus, he fays, was fo conftfucled, that 
the refult could be determined with the. great eft nicety. 
On the contrary, it was extre mely corfjpfex, as \ view 
oftheir plates will (hew, And mine was perfectly fnnple, 
fo that nothing can be imagined to be lefs liable to be a 
fource of error. How, indeed, was this poifible ? I 
ufe only one large veffel of glafs or copper. I put into 
it at once a certain proportion of the two kinds of air, 
the purity of which, when it is neceffary, I can afcer- 
tain as we ll as other perfons. From the fimplicity of 
the apparatus no other fubftance can poilibly mix »vith 
them, and I then explode the whole at once by an elec- 
tric fpark. After this I prefently find the refult by 
examining the liquor that is drained from the veffel. 
1 ho' 1 hav e not gallons of this liquor, I have fome oun- 
ces, which no antiphlogiftian would care to drink. Will 
Dr. Maclean fay that my procefs is lefs accurate than 
that of the French, becaufe it can be finifhed in lefs 
than five minutes, and theirs requires the afliduous at- 
tendance of fome days ? 

Ufing the fame moft fimple apparatus, I can, by 
only varying the proportions of the two kinds of air, 
produce the refult which the French chemifts fo much 
boaft of. For I can procure water as free from acidity 
as theirs, and with much greater certainty, as I have 
no attention to give to aflame, left it mould at any time 
burn too fiercely. Bdt in this cafe I always produce 
a quantity of phlogistieated air, in which they acknow- 

h ~i ledge 
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ledge that the principle of acidity refides. They alfo 
do not deny that they had a furplus of the fame kind 
of air ; and as to the quantity of it, I cannot help fup- 
pofing, that, interefied as they were to make it as little 
as poflible, being men, and of courfe liable to the biaffes 
of other men, they may have reprefented it, by the al 
lowances they made in their computation, fome thing 
lefs than it really was. All the infide of my large vef- 
ftl being, of courfe, wet with the liquor produced by 
the explofioni I could not pretend to weigh that which 
was drained from it with much accuracy. But then 
very little depended upon the quantity, compared to 
the confideration of the quality of the liquor ,- which 
may be as fatisfaclorily ascertained by drops, as by the 
largefl: quantities j and till the French chemifts can 
make their experiments in a manner lefs operofe and 
expenfiye, requiring fewer precautions, and lefs of com- 
putation, I {hall continue to think my refults more to 
be depended upon than theirs* 

Mr. Berthollet objects to my experiment, that the 
weight of the liquor which I produced from the de- 
compofition of the dephlogifticated and inflammable air 
was never equal to the weight of the air. But this I 
account for by the cfcape of the highly phlogifticated 
acid. 

He alfo fays that I took no account of the refiduum 
of the air in the vefiel in which I made the explofions. 
But I did not overlook this circumftance ; fince I mea- 
fured the capacity of the veffel by the quantity q! air 
that actually disappeared, by having been completely 

decom- 
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decompofed in the procefs ; fo that there was no occa- 
fion whatever to take an account of the air that was not 
affec"led by it. 

I fhal) conclude this feclion with obferving that in 
order to complete their proof ot the decompofition of 
water, the amiphlogiftiaos fhauld prodate fome fub- 
ftance which by uniting with hydrogen in water, fliould 
let go the oxygen, in the form of denhlogifticated air, 
or fome acid j and fureiy fome fuch fubllance may b6_ 
found, if their theory be true. The component parts of 
water are not fo intimately united, but that they may 
be feparated by means of affinities. Oihei wile the hy 
drogen could not have been detached from it. 
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S E C T I O N X. 

An Argument against the Decomposition cf Water from 
the different Proportions of t-he- Elements of which it 
is supposed to consist f > aticoj-ding to different Expert* 
irnOrkf*" .-^O .ssiJjaeu: ic zczapt v.: < ••«• <J?M *" 

A 

CCORDTNG to the new theory, water 
confifts of two principles, ox\ g n and hydrogen ; and 
the} are feparated by iron or i ha: coal, in a red heat, 
unitii g with one of them, andfuffering the other to ef- 
cape ; and therefore if, in any cafe, a quantity of wa- 
ter be wholly expended in forming air, and only one 
of the kinds be found, it will be evident that this water 
does not confift of two elements. Now according to 
one of my experiments water would appear to confift 
of only one of the kinds cf air, and according to another 
of the other. 

I have fhewn that by a flow fupply of water in fend- 
ing fteam over red hot charcoal, the whole of the pro- 
duce is inflammable air, wi'hout any mixture of fixed 
air, or the production of any thing, ac rial, fluid, or folid, 
into -which cx\ gen tan be fuppofed to enter. From 
this experiment, thertfere, conducted in this manner, 

it 
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it might be concluded that water confifts of hydrogen 
only, without any oxygen. 

This obfervation of mine is confirmed by. Mr. Watt, 
who fe- accuracy no perfan will call in queftion, lie 
fays in his Description of apneumaticai apparatus fab- 
joined to Dri Beddoes's Considerations on the medicinal 
use of factitious air, p. 84 " fit has been obferved by- 
«* Dr. Frieftfey, and confirmed by Tny experience, that 
"-When much water panes in trie form of .{team, there- 
is -much fixed air formed j but little or none when 
« the water is admitted fo.frjaringly that no ifteam 
«« reaches the refrigeratory, 

I 'once thought with the Antiphlogiftians that fixed 
air Was held m folutioh in this heavy inflammable air, 
be-caufe when it is fired together widi dephlogifticated 
air much fixed air is produced ; but I am now fatisfied 
that aVI the oxygen in that fixed air conies from the 
dephlogifticated air with which it is fired, That this- 
must be the cafe in fome experiments is evident, be- 
caufe the fixed air fo procured greatly exceeds the 
weight of 'all the inflammable air employed ; and there- 
fore could not poflibly have been contained in it. 

The reafon why more fixed air is produced when 
thefupply of water is copious is, I imagine, becaufe 
more water is neceffary to the conltitution of fixed air 
than to that of inflammable air. 

According to this experiment with charcoal, water 
maybe fhewn to confift of hydrogen only ; but accord- 
ing to nv, experiments with terra ponderosa aerata, it 
maybe proved to -confift of oxygen only. For when 
fleam is cnt over this fubflance in a red heat nothing 

E 4 but 
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but the. pureft fixed air i» produced ; and yert thq 
whole of any quantity of water may be expended in that 
production. As water is not faid to contain any tar- 
bone, this mud befupplie'd by the terra pondtxoM^ and 
all the oxvgen by the water For according' to the: 
theory fixed air confifts of twenty eight, parts > of am* 
bone, and feventy two ofcoxygeirt, . r , . 1 

i befe experiments favour my hypxathefis that water 
is. the bafis of all kinds of air, ai)d -the^e-fore that with* 
out it no kind of a>r can.. be produced' .- Ivt Come, safes, 
as in that of the light inftammalbk air, it may be.Mll thafc 
can be afcertained by weight. . , 
{.;•,.. Toj my experiments with thtj tjerra po,nd«r<i»fa, 
which:- in my opinion demonftrably proves that watefr 
5? ^ coflftHuent patt of fixed air, and therefore; probably 
of other kAjvdsr of air alfo, Mr. Bertholleti: fthjecls, 
( Report y p.. .82) that I did not examine t&« iol> 0$ 
weight in this fubftance, But after the procefsit adher- 
ed fa /dofdy to the earthen tube in which the experu 
iBent was made, that the lofs of weight could not be 
ale erta'iued with accuracy. This, however, WRs.-nGtat 
all necefTary. J found very exactly bxw much fixed] 
air a given quantity of this fubftance would yield by 
means ot water, which appeared to be the fame that it^ 
yieldtd by folution in m^r.-ne acid, and that ityielded nq 
air at all by mere heat without water It was quite fuf- 
ficient, therefore, to find hew much water was expend- 
ed in procuring any quantity of fixed air from this fub- 
ftance. And as there was noqther fource of lofs of wa- 
ter beikles the fixed air, it could not but be concluded 



Phlogijeon ejtab/ifhed. 7 ^ 

l&at it entered into its compofition, as a neceffary part 
of it, and in the proportion which 1 afcertained. 

The truly ingenious and equally candid Mr. Ropp, 
hints that the water might be imbibed by the terra pon- 
derofa ; but 1 fee no reafon to think that it did. It is 
not at all probable. that,.thexe js any affinity between this 
fubftance and water; and If water exfft fn it as an ex* 
traneous fubflance, the heat that I applied would have 

Mr. Rup£ .prodvises < feycral. ^xperipaents, made 
feemingly with, .great ^accuracy, to prove that fixed air 
contains no water. But experiments which require the 
folution of fubftances in acids, and evaporation, to- 
gether" With' the computation of the. proportion of earth, 
acid, arid water, contained in falts, are much mere com* 
plex than mine ; and therefore, will not, 1 think, a«H 
thorize fo pofitive a conclufion. I have not repeated 
H'fs experiments, arid leave others more ex^eiA than ! 
am in 'fuch proceffes to judge between us. 
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SECTION XI. 

Of the supposed Decomposition of Water in the Expert, 
nients of Van Troostwick and Deiinan, 'in tbb^e of 
Mrs. Fulhame, and various other Processes. 

: -5lK8KP" ia ' w .* ,fl:, '' :Tii - « X9 Jua on oitiaitto'j 

T is alleged in favour of the decompofition 
of water, that both dephlogifticated and inflammable 
air have been procured by, taking gfcftfic explofions in 
water. -Experiments with this, refult^werp made by 
Meffrs.yaaTrapftwickaud Dejman, and have been r$«. 
peated with the greateft attention by Dr. Pearfon. Sec 
the Philosophical Transactions for i797, p. 142. 

The accuracy of thefe experiments I am by no means 
difpofed to queflion. Both dephlogifticated and inflam- 
mable air, were, no doubt, produced, tho' with infinite 
labour, by this means ; and I confider the experiment 
as exceedingly curious and important in feveral ref- 
pects. But it is a very complex one. Several agents 
are concerned, and what, and how much, to afcribe to 
each of them is not eafy to fay. I have not yet found 
any termination to the production jof air from water 
only, and the laft product, which is equable, is wholly 
phloglfticated air, of the nature of which we know but 

little. 
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litde. Some of my experiments feem to prove that it is 
compofed of dephlogifticated and inflammable air j and- 
light, which is peculiarly mtenfe in the eleclric fpark, 
is in my experiments on plants, and probably in other, 
procefles, a neceflary agent in the production of de- 
phlogifticated air, when there is water for its bads. 
And the metals that are employed, viz. gold and platj- 
na, may contribute to this flow ; produ6lion of inflamma- 
ble air. But the accenfion of thefe airs being fome- 
times fpont-neous, without the. elf c~lric fpark being tak- 
en in them, fliews.thi»t part at lea ft of the air produced 
is pfwsphoric ; ancL>t h well known , that- the decide 
fpark is always accompanied with the fmell df phofpho- 
; h oh •itti67O03S- < iriw;.:. r T/;'*f ; 2ri ? '1!lV,h'r ^lUjlhtf-.t* 
I hope thefe experiments will be repeated with a 
flill greater variety of circumfiances, tho.' 1 do not fee J 
how they can be made fo that water; only Skill be em- 
ployed, except perhaps in a glafs fyphon, fo th:t the 
electric fpark lhall be made to pafs from the water in 
one of the legs to the water in the other, and to this 
there are many objections. 

To thefe obfervations I (hall fubjoin what f obferv- 
ed with refpect to this experiment when I made a new 
arrangement of my Observations on Air, in three vo- 
lumes, vol. 3, p, 543. 

" It rauft be acknowledged that fubftances poffeffed 
fj of very different properties may be compofed of the 
«' fame elements, in different proportions, and different' 
5' modes of combination. It cannot, therefore, be faid 
t( to be absolutely impoflible but that water may be com. 
" pofed ©f dephlogifticated and inflammable air, or of 

" any 
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** any other elements. But then the fuppofition fhouid' 
" not be admitted without proof; and if a former the- 
*< ory will fuffiriently account for all the facts, there is. 
M no occafion to have recourfe to a new one, .attended 
<t with no peculiar advantage." 

w Alfo that phlogifton is an element, in the compofi- 
<'tionof water is, as 1 have more than once observed, 
« not at all improhable , nncc water conduces ele&ricity 
*< like metals and charcoal, into which the fame princi- 
« 4 pie enters ; and beeaufe, when frefh diftilled, it at> 
<1 traces dephlogifticated air from the atmofphere, which 
« is the property of other fubflances containing phlo- 
"gifton* By this means water may, in facl, contain 
« both the principles of which, according to the new 
" theory, it wholly confifts, and in what proportion it 
« contains them we cannot tell. For tho' heat may ex- 
*.« pel diem in part, in tho form of air, the force of this 
" action may be limited, fo that water boiled ever fo 
il long may retain much air, which only fuch a degree 
% of heat as is communicated by electricity can difco- 
« ver. But this proves nothing againft the '<k>cTrine of 
" phlogifton ; fmce it only proves that this principle ig 
S contained in water, more or lefs intimately combined, 
i[ as well as in many other fubflances," 

Dr. G. Fordyce found, by an experiment which has 
the appearance of great accuracy (See Philosophical 
Transactions for 1792, p. 374) that the addition of 
weight to zinc, when it is converted into a Calx, comes 
from the water. But he advances nothing to prove 
that the water was decompofed in the procefs ; and wa- 
ter is all that I can find in flowers of zinc. 
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It is pretended that water is decompofed by the 
growth of plants a6led upon by light. But if this was 
the cafe, Avhy will not a plant continue to grow in the 
fame water till the whole of it be decompofed ? Where- 
as I always found that only a certain quantity of dephlo- 
gifticated air could by this means be procured in the 
Came water, and very little in proportion to its bulk* 
After this the production of air ceafed, and the p'ant 
died. 

To me it appeared, that the food of the plant was the 
phlogifton contained in the water. For when by the 
growth of the plant the air contained in the water was 
perfectly pure, the procefs always ceafed. But the fame 
plant, removed to water that contained impure air, 
would grow again, and give pure air as before. See 
my Experiments on Air, Vol. 5, p. 25. 

Alfo, having put various vegetable and animal fub- 
ftances into water, which by putrefying became offen- 
five in the dark (yielding inflammable air mixed with 
fixed air) and when the veffel containing them was 
placed in the light, and green vegetable matter was fuf- 
fered to grow in it, the pureft dephJogiflicated air was 
produced; the phlogifton, as I obferved p. 42, which, 
in other circumftances, would have been converted in- 
to inflammable air, now going to the nourifliment of the 
plant, and by the influence of light yielding fuch pure 
air. On this fubject I then made the following re- 
marks, p. C2. 

■ It is impoflible not to obferve from thefe experi- 
V ments the admirable provifion there is in nature to 
« prevefct, or to leffen, the fatal •effe&s of putrefaaion, 

" efpeci- 
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" efpe dally in countries where the rays of the fun art! 
" moft dire 61, and the heat the moft intenfe. For where- 
l( as animal and vegetable fubftances. by fimply putrefy- 
" ing would neceflarilv taint gr$At mafles of air, and 
" render it wholly unfit for refpi ration, the fame fab- 
t* fiances putrefying in water, fupply a moft abundant 
" pabulum for this wonderful vegetable fubftance, the 
" feeds of which appear to be in all places, difperfed 
" invifibly diro' the atmofphere, and capable, at all fra- 
* c fons of the year, of taking root, and immediately 
» ( propagating themfelves to the greatefl ex ent. By 
• c this means, inflead of the air being corrupted, a vafl 
« addition of the purcft air is continually thrown into 
" it." . 

- " By this mean^ alfo ftagnated waters are rendered 
" much lefs offenfive and unwholefome than they 
" would otherwife be, i hat froth which we fee on 
" the furface of fuch waters, and which is apt to create 
« difgufl, generally confifts of the pureft dephlogifticat- 
R cd air, fupplied by aquatic plan s which always grow 
«« in the greater} abundance, and flouriih moft, in water 
u that abounds with putrid matter. When the fun 
u Ihines thefe plants may alfo be feen to emit great 
" quantities of pure air." 

" Even where animal and vegetable fubflances pu- 
" trcfy in air, as the) have fome moifture in them, va- 
" rious other plants, in the form oi' mold, he. find a pro- 
" per nutriment in them ; and by converting a confider- 
«* able part of the phlogillic effl ivium :ntb their own 
" nSuriftiment, arreft it in its progrefs to corrupt the fur- 
" rounding atmofphere. So wonderfully is every part 

*« of 
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* of the fyftem of nature formed, that good never fail's 
*' to arife out of all the evils, to which, in' confequenc© 
" of general laws, mofb beneficial to the whole, it is 
" neceflarily fubject. It is hardly poffible for a perfon 
*' of a fpeculative turn not to perceive, and admire, this 
" moft wonderful and excellent provifion" 

%, Since charcoal is refolvable by means of wat<»r 
into fixed and inflammable air, and fixed air confifls of 
dephlogifticated air and phlogiflon, thefe principles 
have been united in the ingenious experiments of Mr. 
Tenant, diversified by Dr. Pearfon, fo as to form char- 
coal. It was accomplished by heating fubftances con- 
taining fixed air, as marble &c. together with phospho- 
rus, which contains phlogiflon. This experiment has 
been alleged in favour of the decompofition of water; 
but I only fee in it the compofiti on of a fubftance 
from the elements of which it was known to confift. 

3. The production of inflammable air from liver of 
fulphur with water, Mr. Gingembre fays, arifes from ar 
decompofition of this water ; becaufe without the water 
no inflammable air is procured. But water, I find, is 
neceffary to the conftitution of all kinds of air, and of 
inflammable air moft evidently. 

4. Mrs. Fulhame imagines that fhe has proved the 
decompofition of water from a number of exceedingly 
curious experiments on the revival of metals by means 
of inflammable air, phofphorus, fulphur, charcoal, and 
various other fubftances of afimiiar nature, becaufe the 
efFecT; is never produced without the prefence of moif- 
ture. Her experiments are fuehas I fliould; not- have 
expected a priori ; and when fhe wasfo obliging as to 
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fliew me the refult of Tome of them in London, I *vrd§ 
greatly ftruck with them ; but I do not think that the"y 
prove the decomposition of water. 

She does not pretend to exhibit feparately either of 
the parts of which the water is faid to be compofed* 
fince fhe does not produce either inflammable or deph'o*- 
<giftioated air from this water ;. and fhe fuppdfes the 
Very fa -.^lc quantity of water to be reCompofed that is 
decomposed in the procefs. Nor does (he pretend to 
be aole to revive any metals without fome fubflanc* 
into which phlogifton has always been fuppofed to 
«nter. 

AH, therefore, that can be fairly inferred from her 
ingenious experiments is, that water affifts the fepara?. 
tion of oxygen from the calces of metals, and the en- 
trance of phlogifton into them ; which it may do with* 
out any decomposition. Alkohol, ftie obferves, will 
not anfwer the fame purpofe. But to this it is fuffici- 
ent to fay that alkohol is not water, and therefore has 
not the fame properties- The piefence of water is ne- 
ceflary to the ruftingof iron, and alfo to the acquisition 
of fixed air by lime ; but the manner in which it contri* 
butes to thefe and other proceffes has not yet been af- 
certained. 

Had Ihe made her experiments with inflammable 
air in cioie vtfTels, fhe would, 1 doubt not, have found 
a diminution of the quantity of it, which could not be 
accounted for but on the fuppofttion of its having enter- 
ed into the calx, and thereby contributed to the revival 
oi the metals. 

. ; c & - W , VH i i: S. She 
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9. She fays p. 163, that " the formation of nitrous 
i* acid in Mr, CavendiftVs noted experiment, caano 1 b« 
u explained on any other principle than the decompof,. 
« tion of water." But Mr. lavendifti himfelf draws 
no fuch inference from it. All that I fee in it is that 
phlogiflicated air contains the fume principle wkh in- 
flammable air, viz phlogifton ; and therefore that when 
they are decompofed together with dephlogittioated air, 
they form the fame thing, viz nitrous acid. The water 
that is produced, and which adheres to the acid, 1 fup- 
pofe to be that which is effential to the conftitution of all 
kinds of air, and to be the greateft part of their weight. 

6. Rain, ftie fuppofes, p. 167, to be water formed 
at the time from its proper elements in the upper regi- 
ons of the atmofpher-e. From the refpiration of fifties, 
and from every cafe of combuftion, ftie draws the fame 
condunon. But in every cafe <he fays that whenever 
one quantity of water is decompofed, another equal 
quantity ra compofed in the fame procefsj fo that, as ftie 
fays, p. 180, " equal quantities are formed and rife re- 
i( generated like the phenix from her allies." But this 
appears to me to be as fanciful, and fabulous, as the fto- 
ry of the phenix itfelf. 

7. From the wonderful experiments that are clafied 
under the head of Galvanism, it was at firft univerfally 
inferred that water was decompofed in fome of the pro- 
cefles, becaufe both dephlogiflicated and inflammable 
air were produced in the water that was employed. 
But it was foon obferved that the dephlogiflicated air 
was no other than that which was drawn from the in- 
cumbent atmofphere ; for if the communication with it 
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was cut off, the procefs flopped. Nor were the .two 
kinds of air produced in the proportions that the new 
theorv required in the compofition of it; the dephio- 
gifticated air being generally too little for the pur- 
pofe. / 

From my own experiments on the fubjecl, publiflv- 
ed in Mr. Nicholson's Journal, it is evident that the 
inflammable air muft come from the decompofition of 
the zinc, which is calcined in the procefs. For when 
the whole pile was covered with a receiver {landing in 
water, about one fourth of the inclofed air difappeared, 
andthe remainder was wholly phlogifticated, exactly as 
it would have been if a parte made of iron filings and 
fulphur had been put in the place of the pile. Had any 
dephlogifticated air been produced, this could not have 
been the rcfult, for that would have kept the inclofed air 
in the fame ftate with that of the atmofphere, and the 
quantity would have been ircreafed, and not diminifh- 
ed. The dephlogilticated air that difappeared muft 
have gone into calx of the zinc ; but certainly there had 
been no decompofition of the water. 

Tha' the doctrine of the decompofition of water on 
the principle of the new theory is fallacious, my experi- 
ments make it exceedingly probable that it is refolva- 
ble into phlogifticated air, which I fuppofe to confift 
of me union of the two principles of phlogifton and 
dephlogifticated air. For whenever water is con- 
verted into vapour, either by means of heat, or in 
the vacuities of ice by freezing, a portion of this be- 
comes permanent air, and this is always phlogifticated. 
For the proof of this I muft here content mylelf with 

referring; 
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interring to the account of my experiments relating to 
the conversion' of zv iter into air, begu.i in E hn I, 
and thofe on the freezing of water made in this coun- 
try* 



SECTION Xlf. 



Of the Constitution of Fixed Air. 

T , . 

JL FT have proved that inflammable air comes 
from the metals, and not from the water in which the 
folution of them is made, and that water has not been 
decompofed, fo that it cannot be proved to confift of 
two kinds of air, I have done all that is necefiary to ef- 
tabliih the doctrine of phlogiston. There are however, 
two other affumptions in the new theory which 1 think 
have by no means been proved, viz. that fixed air con- 
fifts of carbone diflblved in dephlogifticated air, and 
that phlogifticated air, called azote, is a fimple fub- 
ftance, and no compound. IS either of ihefe fuppofiti- 
ons appear to me to have been proved, and 1 think 
there is much pofitive evidence again!! them. 

F st Tho' 
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Tho' the new theory dtfcards phlogifton, and ift 
this refpecVis more fimple than the old, it admits ano- 
ther new principle, to which its advocates give the 
name of carbone, which they define to be the fame thing 
with charcoal, free from earth, falts, and all other ex- 
traneous fubftances ; and whereas we fay that fixed air 
confifts of inflammable air and dephlogifticated air, or 
oxygen, they fay that it confifts of this carbone diffolv- 
ed in dephlogifticated air. See Examination of Mr, 
Kirrvan, p. 79. Mr. Lavoifier fays, ib. p. 63, that 
"wherever fixed air has been obtained there is char! 
*< coal." '1 hey therefore call it che carbonic acid. 

But in many of my experiments large quantities of 
fixed air have been procured where neither charcoal, 
nor any thing containing charcoal, was concerned, or 
none in quantity fufficient to account for it. 

There is no metal that I have ever heated with a 
burning lens over lime water in atmofpherical air with- 
out producing a thick fcum on its furface, which was, 
no doubt, lime, formed by the quicklime in the water, 
and the dephlogifticated air contained in the portion of 
atmofpherical air in which the procefs was made. For 
this purpofe I have tried not only iron and zinc which 
are faid to contain plumbago (a kind of carbone from 
which fome fixed air may be expelled) and alfo lead,, 
tin, bifmuth, copper, &c. as obferved before, but even 
gold, filver, and platina, and it will hardly be pretended 
that all thefe metals contain carbone. 

From a quantity of calx of lead, part grey and part 
yellow, in a glafa tube, I got its bulk of almoft pure fix- 
ed 
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ci air, and the refiduum extinguifhed a candle. Where 
could be the carbone in this cafe ? 

Fixed air is always produced when iron is melted, 
and thereby converted into finery cinder, in atmofphe- 
rical or dephlogifticated air, and alfo when Tome kind* 
of inflammable or dephlogifticated air are fired toge- 
ther. But Mr. Berthollet, Mr. Adet, and all my op- 
ponents, fay that this fixed air comes from the plumba- 
go contained in the iron, and that when it is found af- 
ter the union of inflammable and dephlogifticated air, 
in anexplofion of them, it was from plumbago contain- 
ed in the inflammable air. But befides that there is no 
evidence of inflammable air containing any plumbago 
(fince when iron is difiblved in any acid the plumbago 
is left behind) the fixed air contained in this fubftance, 
of which the antiphlogiftians make fo much ufe, is ve- 
ry inconfiderable ; the air into v.hich it may berefolv- 
*d being chiefly inflammab'e. 

From 6 dwts. of the purefl plumbago, procured 
from an iron furnace, in the form of a finning bi-ck 
powder, I expelled, in a glazed earthen tube, forty 
ounce meafures of air, one twelfth part of which was 
fixed air, and the reft inflammable, burning with a blue 
flame. Then, fending fleam through the tube, I got 
two hundred and forty ounce meafures more, the whole 
of which was inflammable air, of the purcft kind, exact- 
ly refembling that from iron by the vitriolic acid. The 
plumbago was converted into one mafs, refembling a 
hard cinder, and weighed two dwts and an half. 

Another experiment on plumbago I fliall juft men- 
tion in this place. Melting one dwt. of it with a burn- 
F3 ing 
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ing lens in the open air, it threw off fparks, like cait 
iron treated in the fame manner, but not quite fo much; 
after which it was reduced to a flag like finery cinder, 
weighing four grains lefs than it had done. I repeated, 
the experiment with the fame reiu ; t. 

K plumbago be held in folution in inflammable air, 
rot only muft both he kinds of air contained in it, viz. 
fixed and infl immah!e,but the slag too, which remains 
after all air is cxoelled from it. But after the explofion 
which it is laid difc overs the fixed air that was contain- 
ed in it, there is no apparent addition made to the in- 
flammable air, nur the lead appearance of the slav. It 
is evident therefore, that no fuch fubflance was con- 
tained in the h.fl .mmaMe air horn any kind of iron, and 
leaft, of all from malleable iron. 

il the in! h.mmabk air had held in folution not the 
plumbago itftif, but only the carbone that was in it, the 
rcfiduum could m t be plumbago, fmce it would want 
the carbone ; and the inflammable air holding the car- 
bone in folution wquld of the heavy, and not of the light- 
er and purer, kind- 
Fixed air is alfo produced when minium, and feve- 
ral other fubflance s that contain dephlogiflicated air, 
are heated in inflammable air. This produce I had 
when i ufed fome precipitate per fe with which Mr. 
B r boilet fupplied me. On being informed of this, he 
faid that he found afterwards, that the precipitate he 
had fent me contained fixed air ; and yet he allowed 
that when the air expelled from it by heat was received 
in lime water, it did not immediately make it turbid, 
t. hich it is well known that a hundredth part of the fix- 
ed 
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lir that I procured by means of it would have done 
inflantly. The turbulency that came on afterwards muft, 
therefore, have had fome other caufe, probably fome 
acid of vitriol in the water in which he made the ex- 
periment, and which gradually infinuating itfelf into 
the lime water in his tube, would form selenite ; a 
thing that has frequently occurred in the courfe of my 
own experiments, and which for fome time puzzled me 
not a little. 

It is genera'iy thought that the fixed air contained 
in fallen lime has been attracted from the atmofphere, 
in which it is fcid to float in a loofe uncombined Hate. 
But from no other experiment that I am acquainted 
with can it be proved, that any fixed air neceffarily ex- 
ifts in the atmofpheric, and lime, or lime water, will 
become faturated with it in all fituations. I am there- 
fore inclined to think that this fixed air is compofed of 
phlogifton imparted to the lime from the fire to which 
it had been expofed, and the dephlogifticated air in the 
atmofphere ; and I have always found that a portion ot 
atmofpherical air expofed, fome time to lime, or to lime 
water, is fenfibly lefe pure than before ; fome part of 
the dephlogifticated air of which it is compofed having 
been taken from it by the lime; and it is never found 
again except as a component part of the fixed air, which 
is afterwards expelled from it. The refult of the ex- 
periment was the fame, whether the lime was confined by 
water or by mercury. 

The fixed airwnich is expelled from the yellow calx 
•flead which has been fome time expofed to the atmof- 
toiieJK has, I doubt not, the fame fource. For when it 
• F 4 is 
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is heated prefently after it is made, little «r no air cam 
be expelled from it, as it may fome time afterwards. 
And I find that this fubftance alfo expofed to a portio* 
of atmofphsrical air makes it lefs pure than it was be- 
fore, jaft as in the cafe of quick lime. 

As pvrophorus imbibes pure air when it is expofed 
to atmofpbf deal air, leaving nothing but phlogifticated 
air (in which it refembles a mixture of iron filings and 
fulphur, which alfo makes a pyrophorus) the fixed air 
expelled from it afterwards muft have been formed by 
the union of the dephlogifticated air imbibed by it, and 
the phlogifton contained in iti'elf. 

From a quan ity of old and fpoiled pyrophorus I got 
o ~c hundred and eighty ounce meafures of air, of the 
€rft part of which one half was fixed air, and the reft 
phlogifticated. At the kit, tho' one half was fixed air, 
the reft was inflammable. In another experiment of 
this kind 1 found feven tenths of the air fixed, and the 
reft inflammable. 

From 15 dwts. of fallen lime I got forty five ounce 
measures of fixed air, and twenty five of inflammable 
from the gun barrel in which the experiment was mad*; 
Whether quicklime has been expofed to the atmofphere 
fo as to become what is called fallen lime, or has been 
faturated with water, they corne in time to be of the 
fame weight, and to have the fame properties; the for- 
mer continually gaining weight, and the latter lofing 
it. From 15 dwts of lime falurated with water and 
then expofed to the atmofphere, I got fifty five ounce, 
nit afurcs oi fixed rur. 
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I had a refult fimilar to this when I expofed fome 
©Id plaister of Pin is to heat in m earthen retort. In 
fbefe circumftances 3. 25 ounces yielded two hundred 
Ounce meafures of air, of which the firft part contain- 
ed about one twentieth 0/ its hulk of fixed air, and th« 
remainder was confiderabl) phlogifticated, viz. of the 
ftandard of 1. 5, tho 7 at the laft of 1 . 35. 

It may be faia that p)rophorus attracts water from 
the atmofphert, and that the water is decompofed by 
cxpofure to heat. But in no other cafe is water lb ?t- 
trailed decompofed by mere exj.ot'ure to heat. Wa- 
ter is attracted by lime, by vitriolic acid, and various 
Other fubftances ; but htat will always expel it ^ v<>, 
and it may be collected in the form of water, wi-hout 
any decompofition. There i6, therefore, every r a- 
fon to conclude that it is the fame with water ata J 
by pyrophorus. 

It i c , indeed, an obrions objection to the antiphlo- 
giftic theory, that it fuppofes water to be decompofed 
in fuch different circumftances. What can be more fo 
than when it is applied in the form of (team to iron 
red hot, alfo when it is quite cold, and merely prefent 
in the fame veffel in which the iron, alfo ccld, is diflblv- 
ed by an acid, and by the action of light on growing ve- 
getables, &c. &c. But if inflammable air be procured, 
the theory abfolutely requires that water be decompo- 
fed, and no difference of circumftances is fo much as 
attended to. 

To thef'e experiments relating to fixed air I fhall 
add one that 1 made on the heating of the diamond in 
atmofpherital air, much o,f the produce being fixed air. 

That 
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That the diamond is a combuftible fubftance has 
been long known, but not having heard of its being 
burned in atmofpherical, or any kind of confined air* 
I long wiflied to do it ; arid being fupplied bv a friend 
■with two fmall ones, I treated them in this manner, and 
found that near ninety pafts in one hundred of the air 
in which they were burned was completely phlogifti- 
cated, and the quantity not being fenlibly changed, the 
remainder was fixed air ; which is an effeel fimilar to 
that of heating charcoal of copper in air. The dia- 
monds, being very fmall, and the quantity of air in 
which they were burned being very fmall in proporti. 
on, I will not vouch for much exactnefs in the refult, 
tho' the experiment was carefully made over mercury. 
Both the diamonds weighed only three tenths of a grain, 
and they loft in the procefs fifteen hundredths of a 
grain. The air in which they were burned was three 
iounhs of an ounce meafure. 

With diamonds furnifhed me afterwards by Mr. 
Jeffries, a jeweller in London, I made the following ex- 
periments. 

In 4. 5 ounce meafures of dephlogifticated air (of 
the ftandard of O. 6, with two equal quantities of ni- 
trous air) I heated a diamond that weighed one fe- 
venth of a grain till it intirely vaniflied, after which the 
air was reduced by means of lime water to an ounce 
meafure and an half of the ftandard of 1. 92. 

The weight of the fixed' air produced greatly ex- 
ceeding that of the diamond, it is evident that the fub- 
ftance of it muft have united with the dephlogifticated 

air 
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air to form the fixed air. As the weight of this air 
was nea-ly three grains, and that ol the diamond about 
a. fourth part of it, the proportion of dephiogifticaud 
air in fixed air mull be the fame that I found it to be 
In my former experinrun s.. , , 
According to this experimen t, the diamond and char- 
coal of copper, iho' fo d liferent in ai>pcarance (the one 
folid and beautifully tranfp-trmt, and tne other a black 
and friable Cubftance) are both as nearly as poffible pure 
phlc gifton. For tho' fomethmg, no doubt, remains 
after their difperfion, it is too fmall to be difcovered. 



SECTION XIII. 

Of Phlogisticated Air. 

T^HE fubjecT. of phlogifticated air is at- 
tended with confiderable difficulty. I am able, howe- 
ver, to produce fufficient evidence that it is not, as the 
antiphlogiftians fay, an elementary fubfknee, but that 
k derives its origin from phlogifton ; fmce it may be 

generated 
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generated from inflammable air, fometimes alone>* but 
in other cafes by means of dephlogifticated air, whe- 
ther any portion of this kind of air be united with it or 
not. Of this my readers will judge from the experi- 
ments that I fhall lay before them, 

1. One decifive proof that phlogifticated air may be 
formed, andfeemingly by the union of dephlogifticated 
air and phlogifton, is the quantity of phlogifticated air 
that remains after any explofion of dephlogifticated or 
common air with inflammable air, more than what re- 
mains after the mixture of nitrous air with either of 
them. 

Having procured a quantity of dephlogifticated air 
fo pure that one meafure of it mixed with two meafures 
of nitrous air was reduced to 0. 04, I could not by any 
mixture of the pureft inflammable air fired along with 
it reduce it to lefsthan 0. 25. 

2. The very different proportions in which atmos- 
pherical air is diminifhed in different proceffes, is a 
proof that in fome of them there muft be a generation 
of phlogifticated air. When air is diminifhed by iron 
filings and fulphur moiftened with water, the propor- 
tion of phlogifticated air is that which Mr. Lavoifier 
flates, viz. 73 parts in 100. But when I made the mix- 
ture without any water, I found that one hundred mea- 
fures were in fix days reduced only to ninety complete- 
ly phlogifticated, which is in the proportion of 81. 8, 
m 100. Again one hundred and forty ounce meafures 

were 

* I am now petty well satisfied that when inflammable air be- 
comes phlogisticated air, it gets dephlogisticated air through the watelT 
which it is confined. 
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were by the fame dry mixture reduced to one hundred 
and thirteen, which is in the proportion of 80. 6, in 
100. But fome water getting to the mixture the third 
time that it was ufed, one hundred and fifty five ounce 
meafures of air were reduced by it to one hundred and 
fixteen ; which is in the proportion of 74 to iOO. 

By the flow burning of phofphorus fixty ounce mea- 
fures of atmofpherical air was reduced to forty eight; 
at another time to 48. $ ; and fifty ounce meafures were 
reduced to forty, which is in the proportion of 80 parts 
of phlogifticated air in 100. But by repeatedly firing 
the phofphorus with a burning lens, one hundred ounce 
meafures were reduced to eighty nine completely phlo- 
gifticated. 

Mefirs. Berthollet and Fourcroy however, fay ( An- 
nates de Chymie> Vol. 26, p. 308) " We rauft abandon 
*« the teft of the purity of air by means of nitrous air ; 
" and fubftitute that of phofphorus, by means of which 
" we get uniform refults. They are different with ni- 
" trous air, on account of the different proportions in 
" which this air combines with dephlogiflicated air to 
«' form nitrous acid." 

But how can thefe proportions vary when the cir- 
cumftances in which they are mixed are exaclly the 
fame ? The nitrous air admitted in the fame manner 
to any kind of air, containing in it a portion of dephlo- 
gifticated air, mufl unite with this, and this only ; leav- 
ing the other, with which it cannot combine, as it was ; 
and it requires no particular degree of heat to do this. 
The refult is, therefore, the fame in all temperatures. 
On this account it is the moft convenient, and perhaps 

as 
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as accurate tefl as we can apply. It is only ntceffatf 
that there be a fufficient quantity of nitrous air to fatu- 
rate all the dephlog ; fticated air that it can meet with, 
and that the fame time intervene between the mixture 
ard t* e meafuring of the dimunkion occafioned by it: 
The dimunition of atmofphencal air by means of phof- 
phor js is both a tedious, and even a lefs certain pro- 
Cefs, as well as attended with expence ; and I find that 
the ufe of inflammable air inftead of nitrous air, which 
fome perfons recommend, is liable to much greater ob- 
jections, the refult of the firi g of them by the eleclric 
fpark beirg exceedingly various in circumftances as 
nearly as we can judge the very fame.* 

8 Sine* 

* Mr. Rupp also objects to the use of nitrous air as a test of tht 
purity of atmospherical air, and quoes a former experiment of mine, th 
which it appeared that by only pouring a mixture of nitrous and atmos- 
pherical air from one vessel to another, and also by letting the mix*, 
ture stand some days without any agitation, the decrees of dimunition 
were very various ; and he says that therefore from the still greater 
dimunition of this mixture which I have since observed, it cannot be 
concluded that atmospherical air contains more dephlogistica^ed air than 
has hitherto been supposed. I acknowledge that my conclusion from 
that observation was not just, but for a reason that I was not at that 
rime acquainted with. For I have since found that not only does that 
mixture of air continue to diminish still farther by being longer confi- 
ned by water, but that a quantity of any kind of air will in'time be 
wholly absorbed in the same circumstances, and that some time before 
they disappear they all become phlogisticated air, inflammable air as 
well as the rest. 

This is a fact of which I am not able to give any rational account, 
anymore than of several others that have falltn under my observation. 
I have given a detailed account of the facts in an article I lately sent to 
the philosophical society at Philadelphia, together w ith anbther, on any 
two kinds of air, separated by an earthen vessel, or a bladder, changing 
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3. Since pure nitrous air wholly vanifh.es when it 
unites with pure dephlogifticated air, the phlogifticated 
air that is found after heating iron in it cannot be a 
fimple element, but muft have been formed from fome- 
thing in the nitrous air and phlogiflon from the iron. 
Heating malleable iron in fixty ounce meafures of ni- 
trous air, it was reduced to twenty four, allphogilticat- 
ed. When I continued this procefs beyond the point 
of greateft di munition, the air produced was inflamma- 
ble. 

4. Since water contains but a fmall quantity of air 
in propertion to its bulk, and generally confide rably 
purer than that of the atmofphere, the phlogifticated 
air that is produced by heating fteam in a copper vef- 
fel muft have been formed from phlogiflon in the cop- 
per and the air contained in the wate ; and whenever 
I have heated water in this manner (the upper part of a 
clofed copper tube being kept in a red heat, while the 
lower and open part was immerfed in water) I have 
found a confiderable quantity of air completely phlo- 
gifticated, and the longer I kept it in this ftate the 
more of this air I found. I had fimilar refults whea 
I ufed a filver tube. 

That this phlogifticated air is not that which had 
paffed from the centre of the fire thro' the metal tubes 
(tho'fome of my late experiments prove that fome me- 
tals 

places, which I had observed be fore with respect to steam and air. This 
is a fact of great importance in the system of nature, especially with 
respect to respiration ; but of the cause of it I have not even a conjec- 
ture worth proposing. Both the above mentioned articles are publish- 
ed together with others, in the fifth volume of the Transactions. 
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ta's are permeable to air in thefe circumftances) appears 
from the refults ot my experiments with glazed ear- 
then tubes in the fame circumftances. For the air 
that gets into the infide of thefe is often little worfe than 
atmofpherical air. 

5. It is well known that hot charcoal imbibes any 
kind of air ; and 1 have obferved that when it is after- 
watds put into water «t gives this air out again. But 
if the air be that of the atmofjihere, it takes the dephlo- 
gifticated part in preference to the other, leaving the 
remainder phlogiftu atcd ; and the air that it gives out 
after this in water is chiefly phlogifl-caied. What, then, 
becomes of the deplogifticatcd air that has difappear- 
ed ? Will iibefaid that it remains in the charcoal, 
which had imbibed it ? Whence then came the phlo- 
gi!ticated air which it gnve out, when, according to ihe 
new theory, charcoal does not i ontain any fuch princi- 
ple ? It is not found in the water into which it is put ; 
for this gives out air lefs pure than it did before the 
procefs. 

6. A folution of copper in volatile alkali gave phlo- 
gifticated air with marine acid, and it will not be eafy 
to fay where this azote exifted before the procefs. 

7. Molt of the fubftances which have been ufed to 
phlogifticate air gain an addition to their weight in 
the procefs, in confequence of which it has been taken 
for granted by the antiphlogiftians, that nothing is e- 
mitted from them, and that they only imbibe the de- 
phlogifticated air, which is one conltituent p .rt of the 
atmofphere, leaving the other part, which h- y call a- 
zote, unaltered. It was, therefore, de Arable to find 

fome 
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fome fubflance which would not gain any weight in the 
procefs, and yet have the fame effea in phlogifticating 
the air. For the dephlogifticated air not uniting with 
the fubftance expofed to it muft neceflarily form fome 
other combination. 

This end was in fome meafure anfwcred by steel, 
which, according to the common hypothefis, contain- 
ing more phlogiflon than iron, would, I thought, part 
with more on the application of heat and receive lefs 
addition ; and this I found to be the cafe. But it was 
more completely anfwercd by black bones, which with- 
out gaining any thing by the application of heat in any 
Circumftances, became white in the procefs. 

If this be done in common air, as the bones do not 
imbibe the dephlogifticated air that difappears, this air 
is difpofed of in two different ways. For one part of 
it contributes to form fixed air, and another part may 
form a different union with fomething emitted from the 
bones, and make an addition to the phlogiflicated air. 
Accordingly, there is more of it found after the pro* 
cefs with the black bones than with iron, and many o- 
ther fubflances which receive an addition of weight in 
the procefs. 

Whence, then, I afk, can come this addition of 
phlogiflicated air, but from an union of phlogiflon e- 
mitted from the bones, with the dephlogifticated air in 
the atmofpherical air to which they are expofed ? Con- 
fequently phlogiflicated air,or azote, is not a fimple fub- 
flance, as the antiphlogiflians maintain, but a com- 
pound. Alfo whence can come the fixed air that is 
procured in the fame procefs, but from a different com- 
G bination 
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bination of the fame elements, and not as they fay from 
carbone, which is a fubftance of vegetable origin, and 
has no place here ? Mr. Kupp is of opinion that the 
fixed air is formed from the carbone in the bone, and 
the dephlogiftieated air that difappears. But when the 
heat is applied with care, there is no iofs of weight in 
the bone ; fo that nothing is driven from it befiues the 
phlogiston, which appears to have no weight at all, or 
none that we can afcertain. 

That the thing which conftitutes the blacknefs of 
the bones is the fame with that which has always been 
called phlogifton, is evident from its forming inflamma- 
ble air if there be water to fupply it with a bafis. For 
I find that if they be heated in phlogifticated air, which 
cannot by parting with any thing contribute to this 
whitenefs, they neverthelefs become white ; the air in 
which they are heated is increafed in quantity, and this 
increafe is inflammable air. 

For thefe experiments I find ivory black, which is 
the coal of ivory ufedby painters, more convenient than 
common bones. To prepare this fubftance for the ex- 
periment, I fill an earthen tube with it, and clofing it 
with clav, expofe it tor a confiderable time, at leaft a 
quarter of an hour, to the greateft heat of a fmith's fire, 
which will expel from it every thing that is volatile ; 
fo that no heat to whicn 1 can expofe it afterwards will 
affect it, except by means of fome other fubftance with 
which that which conftitutes its blacknefs has an affini- 
ty, and with which it can combine. 

Heating a quantity of ivory black prepared in this 
manner in G. 5 ounce meafures of atmofpherical air, 

ther* 
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there was no fenfible change in the quantity ; but on 
examining it, I found in it an ounce meafure of fixed 
air, and the remainder was completely phlogifticated, 
which is in the proportion of 84 parts in 100 ; whereas 
the antiphlogiftians fay that any proportion of atmof- 
pherical air contains only 73 parts, in 100 of phlogiftica- 
ted air. It is evident, alfo, that both thefe fubftanccs 
confifcofthe fame elements, viz. dephlogifticated air 
and phlogifton. 

A writer in the Medical and Physical journal, p. 30, 
finds no production of phlogifticated air, but only of 
fixed air, by heating a black bone in dephlogifticated 
air, and therefore he concludes that my experiment 
with atmofphencal air was inaccurate. Buthefhould 
have ufed the fame kind of air that I did. What I have 
obferved is that fometimes fixed air, and fometimes 
phlogifticated air is produced from the fame elements, 
tho' I have not been able to difcriminate all the cir- 
cumftances in which one or the other is the refult of 
their combination. 

7. Having made much ufe of a mixture of iron fi+ 
lings and sulphur, for the purpofe of phlogifticating 
air, I have always had a large quantity which had been 
long expofed to the atmofphere, from which it is al- 
lowed that it attracts nothing befides dephlogifticated 
air. Of this mixture, become quite dry and brown, 
three and an half ounces expofed to heac in an earthen 
tube gave out one hundred and twenty ounce nieafures 
of air, of which about one tenth was fixed air, and the 
reft almoft who'ly phlogifticated. Both tbefe kinds of 
air, therefore, mad confift of dephlogifticated air from 
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the atmofphere, and fomething contained in the iron, 
or the fulphur, both of which are maintained to be fim- 
ple fubftances. There remained a black powder, ftrong- 
ly attracted by the magnet. 

&. in general iron filings and fulpUur immerfed in 
mercury or water, or placed in a vacuum, yield in- 
flammable air ; but in fome cafes (tho' I do not know 
the reafon of the difference) this mixture has )ielded 
phlogifticated air. 

Having placed a pot containing fome of this mix- 
ture in a vacuum, I found after fome days that it had 
yielded two and an half ounce meafures of air ; 
and examining it, 1 found it to be completely phlogifti- 
cated. I then put the fame mixture under water, and 
placing it near the fire, it gave an ounce meafure more, 
all phlogifticated. 

At another time two ounce meafures of air were 
yielded by a mixture of this kind ; and being examin- 
ed, tho* not till long after it was formed, it was found 
to be wholly phlogifticated. It might have been origin- 
ally inflammable air, and afterwards have changed to 
phlogifticated. 

9. Of the change of inflammable air into phlogiftica- 
ted air, feveral inftances may be feen in the account of 
fome of my early experiments j bat I am not yet able 
to fay on what this change depends. Suppofing that it 
required the union of a portion of dephlogifticated air, 
I expofed to it pieces of iron, which being covered with 
ruft, had attracted and contained that air ; but the re- 
fults were not uniform. I flial!, therefore, content 
myfelf with relating what X obferyed, wiflling that o- 

thc 
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ther perfons may diverGfy the circumftances, and en- 
deavour to afcertain the caufe of the different refults. 

Having made a number of pieces of iron rufty bv 
dipping them in marine acid, I put them in^o a giafs 
veffel which I then filled up with mercury, and I dif- 
placed this mercury by.inflammable air. After waiting 
about eight months, I examined the air, and fouad it 
to be very (lightly inflammable ,the far greater part of 
it being evidently phlogiflicated air. The iron, from 
being red, which all antighlogiflians will fa} 7 was ow- 
ing to its containing oxygen, was beccme black, being 
covered with a kind of foot, which was wiped off, Rain- 
ing the fingers and paper. Under this coating the iron 
was of its ufual colour. Whence, now, came this phlo- 
giflicated air, if not from the union of dephlogiflicated 
and inflammable air? 

This experiment is very little liable to the objecti- 
on of the Monthly Reviewer, p. 371, as the pieces of 
iron had not been expofed to the atmofphere any great 
length of time ; and I am confident that by no procefs 
whatevercould any phlogiflicated air have been extract- 
ed from them. 

If the above mentioned black fubftance with which 
the pieces of iron were coated be plumbago (and of this 
little doubt can be entertained) it will appear to be a 
calx of iron fuperfaturated with phlogifton, and that the 
whole of the iron might have been converted into it ; 
but that plumbago cannot be contained in iron, fo as to 
yield, on its folution in an acid, the phlogiflicated air of 
which my opponents hare endeavoured to avail them- 
felves. 

£ s Oil 
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On the 15th of Auguft 1799, I examined a quantity 
of inflammable air which had been confined by mercu- 
ry with drv iron rufted in nitrous acid, from the 18th 
of March 1798, and found nothing inflammable in it, 
tho' there was no apparent change in the colour of the 
iron. This was alfo the cafe with another quantity or 
the fame kind of air which had been confined in the 
fame manner from the 14th of July. However, ano- 
ther quantity of inflammable air that had been confined 
the fame time, and in the fame manner, with iron ruft- 
ed in vitriolic acid was not much changed, tho' the 
iron was become black. 



The CONCLUSION. 

I^FJFORE the new theory of chemiftry 
can be unexcepticnably eftablifhed, the following things' 
muft be done. 

1. Whenever inflammable air, or hydrogen, is pro- 
cured, evidence muft be given of the production of a 
due proportion of oxygen, that is of 85 parts of this to 
15 of the other ; and this evidence muft be fomething 
more than an addition of weight. It muft be either 
aclual acidity, or dephlogisticated air. Otherwife there 
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33 rio proof of the inflammable air having come from the 
decompofition of the water. This, however, has not 
been clone with refpe6t to iron, or any other fubftancc 
by means of which inflammable air is procured. 

2. When water is procured by the burning of inflam- 
mable air in the dephlogifticated air, not only muft the 
water be free from acidity, but there muft have been 
no production of phlogifticated air in the procefs- For 
by the decompodtion of this air the ;nitrous acid may 
be procured. 

On the whole, I cannot help faying, that it appears 
to me not a little extraordinary, that a theory fo new, 
and of fuch importance, overturning every thing that 
was thought to be the bed eftablilhed in chemil- 
try, <hould reft on fo very narrow and precarious a foun- 
dation ; the experiments adduced in fupport of it being 
not only ambiguous, or explicable on either hypothefis, 
but exceedingly few. I think I have recited them all, 
and that on which the greateft ftrefs is laid, viz. that of 
the formationjof water from the decompofition of the two 
kinds of air has not been fufliciently repeated. Indeed, 
it requires fo difficult and cxpendve an apparatus, and 
fo many precautions in the ufe of \x., that the fre- 
quent repetition of the experiment cannot be expected ; 
and in thefe circumftances the praclifed experimenter 
cannot help fufpefting the accuracy of the refult, and 
confequently the certainty of the conclufion. 

But I check myfclf. It does not become one ot a 
minority, and efpec ially of fo fmall a minority, tofpeak 
•r write with confidence ; and tho' I have endeavour- 
ed 4 cd 
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cd to keep my eyes open, apd.to be as attentive as I 
could to every thing that has been done in this bufmefs, 
I may have overlooked fome circumftances which have 
imprefied the minds of others, and their fagacity is at 
lcaft equal to mine. 

Tho' the title of this work expreffes perfect confi- 
dence in the principles for which I contend, I fhall flill 
be ready publicly to adopt thofe of my opponents, if it 
appear to me that they are able to fupport them. Nay, 
the more fatisfied I am at prefent with the doctrine of 
phlogifton, the more honourable fhall I think it to giva 
it up upon conviction of its fallacy ; following the no- 
ble example of Mr, Kirwanwho has acquired more ho- 
nour by this conduct than he eould have done by the 
mofl brilliant difcoveries that he could have made. 

The phlogiftic theory is not without its difficulties. 
The chief of them is that we are not able to afcertain 
the weight of phlogifton, or indeed that of the oxyge- 
nous principle. But neither do any of us pretend to 
have weighed light, or the element of heat, tho' few 
perfons doubt but that tbey are 'properly substances, ca- 
pable by their addition, or ab0.ra6tion, of making great 
changes in the properties of bodies, and of being tranf- 
mitted from one fubftance to another. 

As to the new nomenclature, adapted to the new 
theory, no objection would be made to it, if it were 
formed, as is pretended, upon a knowledge of the real 
conflitution of natural fubftances ; but we cannot adopt 
one, the principles of which we conceive not to be fuf- 
ficiently afcertained. For other objections to this no- 
Menclature, I refer to the preface of Mr. Keir's excel- 
lent 
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lent Dictionary of Chemistry. However, whether we 
approve of this new language or not, it is now fo gene- 
rally adopted, that we are under a neceffity of learning, 
tho* not of ufmg, it. 



APPENDIX. 



1. Of Dr. MitchiWs Attempt to reconcile the twt 
Systems. 

Dr. MITCHILL, profeflbr of chemiftry 
in the coJlege of New- York, to whom, as an impar- 
tial and excellent judge of the fubjecV I addrefied 
my Letters in defence of the doclrine of phlogifton in 
the Medical Repository, has employed much ingenuity 
in an effay in that work (Vol. 1, p. 514) on a fcheme 
calculated to reconcile the phlogiftians and antiphlo- 
giftians. But his propofal will hardly be admitted by 
either of the contending parties. 

The phlogiftians will not admit that water contains 
an inflammable principle merely becaufe the blaft of 

sta 
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an eolipyle will promote the burning of fuel ; fmce 
whenever this is the cafe, a current of air always ac- 
companies the current of steam ; and if this be prevent- 
ed the fleam extinguifhes the fire as effectually as cold 
water, or phlogifticated air. 

On the other hand the antiphlogiftians will not ac- 
knowledge that even common fulphur, phofphorus, 
iron or zinc, contain any hydrogen, which Dr. Mitch- 
511 makes; fynonymcus to phlogifton. And the phlo- 
giftians maintain that if any of thefe fubftances contain 
phlogifton, they allmuft, and every metal without ex- 
ception, as gold, and others which he thinks contain 
none ; becaufe the calces, or bafes, of them all become 
thefe fubftances in confequence of imbibing inflamma- 
ble air ; and becaufe either this air or nitrous air (which 
contains the fame principle) is evolved whenever they 
are diflblved in acids. In fhort, the melals, as well as 
fulphur and phofphorus, are either neceffarily Ample 
fubfiances, or neceffarily and univerfally compounds ; 
and water is either refolvable into two kinds of air, or 
it is not ; and upon the decifion of thefe queflions the 
whole con trove rfy hinges. 
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2. Of the Discovery of the Pf eduction of dephlogisticated 
Air by the Action of Light on Plants. 

T . ' ' ?» 

-*-.N this work I call the difcovery of the &- 
mifflon of dephlogiftieatedair by the action of light up- 
on plants mine, whereas writers in general giveit to 
Dr. Ingenhous%. : That, juflice may be done to us both, 
I fh all copy ^Note introduced into my Experiments on 
the generation of air from xvaler, which was printed in 
the year 1793, and alfo a letter of his to me which I 
I have fmce found among my papers (which were pa; tiy 
deftroyed, and partly difperfed, in the riots of Birming- 
ham) from which it wiU appear that we do not differ 
in opinion with refpe6l to any facts, but only with ref- 
pe6l to the degree of merit that belongs to each ; and 
ofcthis others will be more impartial judges than either 
of us. 

" As fome perfons imagine there is an interference 
" in Dr. Jngenhoufz's claims to difcovery and mine, 
« I fhallfubjoin an extract of a letter I wrote to him 
*f fix years ago, when a young phyfician on his travels 
" defired ol me fetters of introduction to my philoibphi- 
" cal frie nds on the continent, f nee it will tend to fet 
*« the matter in a proper light, and fhew that there is no 
" ground of interference between us at all." 
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Birmingham, Nov. zl, tYSY. 

Dear Sir, 

"I THANK you for the French edition 
" of your Experiments on Vegetables, which I received 
" fome time ago ; but i am forry to fee in the Preface 
u fomething that looks as if you or your- friends, 
" thought 1 wifhed to detracl from your merit, which 
" is very far from my difpofition." 

" I do not, indeed, diclinclly fee what ground there 
" is for any interference between us. That plants 
«' reilore vitiated air I difcovered in a very early peri- 
" Od. I afterwards found that the air in which they 
<( were confined was fometimes even better than atmof- 
" pherical air, and that the green matter (which I at 
« firft, and fevera! of my friends always thought to be 
" a vegetable) produced pure air by means of light j 
(< and immediately after the publication of this fatft, 
" and before I faw your book, I found that other 
" whole plants did the fame.'" 1 * 

«< All 

* Dr. Ingenhousz, however, says in his Essay tm the food of plants, 
printed in the Additional Appendix to the proposed General reportfrom the 
board oj Agriculture, p. 14, that I " absolute!/ deny all emission of air 
" from the surface of plants as well as from the skins of animals." The 
latter I certainly do deny ; and I think 1 have given sufficient evidence 
of the truth of my opinion. As to plants, I observed that not only the 
leaves, but the green stalks, gave dephlogisticated air when the sun 
shone upon. That they give any air in the dark, when they are in a 
healthy state, tho* roaintaiued by Dr. Ingenhousz, I never fouud. 
According to him, the injury they do to the atmosphere in the night 
lends to counteract the service they render to it in the day. 
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# All the time that 1 was employed in making thefe 
«' experiments 1 wrote to my friends about them, par- 
M ticularly to Mr Magellan, and dented him to com- 
" municate my obfervations to you, as well as to others ; 
* but I believe you did not hear of them, fo that what 
« you did with leaves was altogether independent oi 
<{ what 1 was doing with whole plants ; but the fame 
" fummer, and the fame fun operated for us both, and 
u you certainly publifhed before me " 

** This appears to me to be the true Mate of the 
" cafe ; and furely it leaves no room for the fufpicion of 
(i any thing unfair, or unfriendly. But whatever your 
« friends may fay, I have no thought of troubling the 
" Public with any vindication. I value you, and your 
" friendfhip, too much to wilh to have any altercation 
" on the fubjecl. Indeed, there is nothing to contend 
" about. If on any future occafion you will do me the 
" juftice to give this ftatement of the matter, I (hall be 
fi happy. If not, I fhalKnot complain — I fhall always 
rt be happy to hear from you, and am 

Dear Sir, 

Yours fin cc rely 



J. PRIESTLEY." 
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if This I think will mew that I was not 'very anx- 
i( iou3 about the merit of this difeovety. The original 
il obfervation that plants reftore vitiated air, and the 
" fubfequentone, thntgrecn vegetable matter yields de- 
" phlogifticated air by means ot light, were both acci- 
<! dental ; and furely there was no great fagacity re- 
M quired to try the effect of certain plants, when I had 
" afcertained the fac"l with refpecT to one of a doubt- 
"ful nature. That leaves had this power, I own I had 
*« no fufpicion. But the merit of all philofophical 
" difcoveries is, in my opinion, greatly overated." 

The folkiwitig is the letter I received from him 
fome time after. 

London, July 7, 1790. 

Dear Sir, 

" RECEIVE my hearty thanks for the va- 
" luable prcfent of your philofophical work in three vo- 
i( lumes." 

" As I do not know whether I underftcod rightly 
" the feventh fection of the third volume, I was at the 
" firft reading of it fomewhat puzzled, and thought 
" that the contents of it might induce the reader to be- 
" lieve thatz/sw, and not 7, were the firft who publifhed 
" that it is the light of the nin that is the cause ivhy real 
u plants correct bad air, and yield vital air, tho' all thofe 
«' of our common friends whom I confulted on this 
<c head are of opinion that fuch an affertion is by no 
" means intended by you. If you have really publifhed 

«« this 
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u this doctrine before me, I owe you the juftice to ac- 
" knowledge it publicly in the firft volume of my books 
" that will be publifhed, or reprinted ; and 1 will cheer- 
H fully retract, by acknowledging that in reading your 
" philofophical works I have through inadvertence, and 
" not defign, overlooked this doctrine ; and I will very 
<« readily quote the volume of your works, and the page 
" in which you will inform me this doctrine is clearly 
" and explicitly to be found. But if this do&rine was 
" firft publifhed by me, as I have till now been perfua- 
«• ded is the cafe, I will leave things as they are. The 
*• confidence I have in your liberal manner of thinking 
«< makes me hope that you will favour me foon with 
« an anfwer, which will be very gratefully received by 

Your obliged 

humble fervant, 

J. INGENIIOUSZ." 



THE copy of my anfwer was deftroyed in the ri- 
ots ; but after ftating to him the above mentioned cir- 
cumftances (which if he had attended to in the prece- 
ding letter, would have faved him the trouble of writ- 
ing this) and the degree of merit to which I thought 

him 



lit 



The DoUrine of 



him entitled in the bufinefs, I concluded with faying, 
that for his fake I wiflied it had been greater than it 
was. 

It is obvious to remark that if the merit of this difco- 
very, be it more or left, depend, as he here acknow- 
ledges, on the fubftance which yields dephlogiiticated 
or vital air by means of light being a real plant, all phi* 
lofophers except Dr. Ingenhoufz himfelf, will, I doubt 
not, give it to me ; btcaufe the green matter which I 
ha^: found to give this air by means of light, is acknow- 
ledged to be a vegetable. 

Dr. Ingenhoufz, however, maintains a very Angu- 
lar opinion on the fubjecl. For he fays p. 90, that " the 
" water itfelf, or fome fubftance in the water, is, I think, 
u changed into this vegitation." This is nothing lefs 
than reverting to the long exploded doctrine of equivo- 
cal generation. For if this vegetable could have its ori- 
gen from mere water, or any thing in the water that 
was not a vegetable, or the feed of one, an oak might 
arife from water, or fomething in water that was not an 
acorn. 

*« This real transmutation," he however fays, " tho* 
" wonderful in the eye of a philofopher, is no more ex- 
traordinary than the change of grafs and other vege- 
«« tables into fat in the body of a graminivorous animal, 
" and the production of oil from the watery juice of an 
« olive." Other philofophers will, I doubt not, fee 
thefe cafes to be very different ; and why Dr. Ingen- 
houfz alone fhould hefitate to call this green vegetable 
matter (as he himfelf terms it) to be a proper plant, 
With the power of propagating itfelf, and of producing 

dephlogif- 
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dephlogifticated air like other plants, cannot, I think, 
be accounted for, but from his perfuafion, that if it be 
a real plant, arifing from a feed, like other plants, there 
would remain little that he could claim in the merit o 
this difcovery.* 

When I had made, and publifhed, this difcovery, 
which was before he had made any experiment on the 
fubje6l, and only hefitated to call it a vegetable becaufe, 
when I examined it with a microfcope with that view, 
I could not difcover the form of one, could I forbear 
examining the firft opportunity whether other certain 
plants would do the fame ; and would not a generous 
friend have forborne to anticipate me in a difcovery, 
which it not already made, I was known to be in pur- 
fuit of, and could not poffibly mils. Confiding in this, 
tho 1 I completed the difcovery the nextfummer, at the 
fame time that Dr. Ingenhoufz made his experiments, 
I did not make the hafte that he did in publifhing it ; 
but, contenting myfelf with announcing it to my friends, 
deferred the publication till I had materials for ano- 
ther volume. When I, according to my known cuf- 
torn, was writing to acquaint my friends with what I 
had done, Mr. Magellan, I well remember, faid that 
Dr. Ingenhoufz kept himfelf very clofe, and no body 
knew what lie was about till his book was printed. 

If, however, the making a thing known by fpeakingor 
writing without printing, be publishing, my publication 

H of 

* In his Essay on the food of plants, he represents it as my opinion 
that this green matter is a substance sui generis, and consequently not a 
proper plant, tho' I used that language only till I had satisfied myself 
than vv ;ts cne> anc i afterwards never intimated a doubt on th« subject 
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of plants in general yielding dephlogiuicated air by 
means of light, as well as this property of the green ye- 
getable matter in particular, was prior to that of Dr. 
Ingenhoufz. It is well knowri to all my friends and 
acquaintance that I never deferred this method of pub- 
lifhing my difeoveries a fmgle day, if 1 had an oppor- 
tunity of communicating them to others by fpeaking or 
writing about them. Befides that this was always my 
natural inclination and habit, I have more than once oby 
ferved that the fpeedy communication of difcoveries'is 
of great importance to the advancement of fcience. 

The fevtral fteps in this invefligation were as fol- 
lows. In \772 t I found that the growth of plants ref- 
tored air vitiated by animal refpiration. For this dif- 
covery chiefly I received the gold medal of the Royal 
Society ; and Sir John Pringle, in his fpeech on the oc- 
cation, enlarged on my idea of one part of the creation 
being the means of repairing the injury done to the at- 
mofphere by the other. In 1778, being at Limington, 
on the fea more, I found the air in the bladders of the 
fea weed to be much purer than that of the atmofphcre. 
In the fame fummer I found the air in which fome plants, 
had grown much purer than the external air, an effe£fc 
that could not be afcribed to any thing but the produc- 
tion of dephlogifticated air. And it was at the clofe of 
the fame year that, obferving bubbles of air emitted by 
the green matter with which jthe infide of fome of my 
phials was covered, I examined it, and found it to be 
highly dephlogifticated. Excluding the light, the pro- 
duction of air always ceafed, tho' in the fame de- 
gree of heat ; fo that the effecT: was owing to light only. 

Being 
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Being in London the winter following, I fhewed 
this experiment to all my friends, and among the reft to 
Dr. Ingenhoufz, who was particularly ftruck with it. 
The queftion amongft us then was what this green maU 
Ur could be; and it being generally thought to be a ve- 
getable, I determined to try the effect of known plants 
as foon as I fhould return to the country. According- 
ly I did fo with the firft fun fliine that I had, and com- 
pletedthe difcovery. But in the mean time Dr. Ingen- 
houfz anticipated me by his publication, which I think 
I {hould not have donn with refpect to him, if I had 
found him in the fame train of inveftigation in which he 
found me. 

Such are the facts. Let others judge of them as 
they fee reafon. The afcertaining any perfon's right to 
the difcoveries he makes is of no farther ufe than as a 
motive to others j Ihewing them that they will not lofe 
the fhare of praife to which their fagacity or induftry 
fhali fairly entitle them. As it is now more than twen- 
ty years fmce the difcovery was made, in all which 
time Dr. Ingenhoufz has enjoyed the merit of it, lean- 
not be faid to have fliewn much anxiety about it. 

Dr. Ingenhoufz in his Essay on the food of plants, 
p. 2, fpeaka of my " known eagernefs for fame," and 
alfo that of Mr. Scheele. It has not, however, been ve- 
ry confpicuous in this bufinefs ; and if it be a fault, I 
think Dr. Ingenhoufz himfelf will be thought to be as 
shargeable with it as either of us. 

3.0f 
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3 . Of the Discovery of dephlogistkated 4ir> 

^N"oW that I am on the fubjea of the right 
to discoveries, I will, as the Spaniards fay, leave no ink 
of this kind in my inkhorn ; hoping it will be the lafl 
time that I ihallhave any occafion to trouble the public 
about it. 

Mr. Lavoifier fays ( Elements of Chemistry, Englifh 
tranflation, p. 36) " this fpecies of air" (meaning de- 
phlogiflicated) «• was difcovered almoft at the fame 
" time by Mr. Prieftley, Mr. ScheeJe, and myfelf." 
The cafe was this. Having made the difcovery fome 
time before I was in Paris in 1774, I mentioned it at 
the table of Mr. Lavoifier, when molt of the philofophi- 
cal people in the city were prefent ; faying that it was 
a kind of air in which a candle burned much better than 
in common air, but I had not then given it any name. 
At this all the company, and Mr. and Madame Lavoi- 
fier as much as any, expreffed great furprife. I told 
them that I had gotten it from precipitate per se, and 
alfo from red lead. Speaking French very imperfed&y, 
and being little acquainted with the terms of chemiftry, 
I (u&'phmb roU§?> which was not underftood till Mr. 
Macquer faid I muft mean minium. Mr. Scheele's dif- 
covery was certainly independent of mine, tho' I be- 
live not made quite fo early* 
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4. Of Mr. Humphry Davy's Essays. 

w 

w ¥ HEN fome progrefs was made in 
printing this work I met with Dr. Beddoes-s Contributi- 
ons to physical and medical knotvledge, and in it Mr. H. 
Davy's Essays, which have imprefled me with a high 
opinion of his philofophical acumen. His ideas were to 
me new, and very Unking, but they are of too great 
confequence to be decided upon haftily. I wifh fo 
feemingly accurate an experimenter would repeat, with 
the attention that he would give to all the circumflanc- 
es, the French experiment of the compilation of water. 
I cannot help fufpedHng that his account or it would not 
be lb very decifively in favour of their conclufion as 
theirs. 

JVIr. Davy takes it for granted that water is decom* 
pofed by the growth of plants, and thinks this to be 
proved by finding dephlogifticated air produced in this 
manner in water out of which air had been expelled by 
boiling, or by the air pump. But he was not aware that 
water even recently boiled, and examined while warm, 
contains nearly as much air as it did before boiling, and 
by no means fo pure ; fo that it can probably fupplv 
more nourifhment to a plant than water which had not 
been boiled. Air expelled from water by the air pump, 
pr even the Torricellian vacuum, which does it more 
effectually, i j foon rep'ac&l by expofure to the atmos- 
phere. 

What 
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What I complain of in Mr. Davy and many others, 
is the too hafty introduction of new terms in chemiftry. 
They perplex thofe who are mod converfant with th» 
fubjedl, and are a greatt impediment to beginners. For 
the old language will never be wholly obfolete while 
old books are read. If the new theory fhould not ftand 
its ground, many terms in the new nomenclature muft 
fall with it. And Mr. Davy's nitrogen, I fufpect, will 
be no longer lived than the French hydrogen, 

I have myfelf been exceedingly cautious in intro- 
ducing new terms, and have never done it but when 
there was an abfolute neceffity to give a name to a fub- 
ftance that had no name before. Air rendered unfit 
for refpiration or combuftion, having no name appro- 
priated to it. J, having frequent occafion to mention it, 
called it phlogisticated air, becaufe atmofpherical air I 
found was reduced to that ftate by fubftances containing 
nhlogifton, if there be fuch a thing as phlogifton (which 
was then univerfally taken for granted) and by no other 
means. Having afterwards difcovercd another kind 
of air, the properties of which were the reverfe of thofe 
of phlogifticated air, I called it dephlogisticated air. I 
alfo introduced the terms nitrous air, dephlogisticated 
nitrous air, Marine acid air, vitriolic acid air, fluor acid 
air, alkaline air, and sulfur at ed injlammahle air, denomi* 
r.ating them from their fuppofed conftituent parts, or 
their known properties, and I generally confulted fome 
philofophical friend before I fixed upon any of them. 

I faw no occafion for the term gas. becaufe I found 
fche termor ufed generic-ally already ; the term fxed 
air and inflammable air y as well as atmospherical air br- 
ing 
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ing in ufe before. If we want an adjective, the aerial 
form of a fubftance will do as well as the gazeous form j 
and Mr. Davy, who introduces the term gazity to ex- 
prefs the abftract idea in the fubftantive form, might 
have made as good a word of a fimiiar fignification. from 
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